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PREFACE. 


In  this  book  an  endeavour  is  made  to  furnish  students 
of  ophthalmology  with  a  concise  account  of  the  normal 
and  pathological  histology  of  the  human  eye  and  eye- 
lids. An  intimate  acquaintance  with  healthy  struc- 
ture and  the  changes  resulting  therein  from  morbid 
processes  forms  the  basis  of  intelligent  clinical  work ; 
and  yet  the  space  devoted  to  the  consideration  of 
these  matters  in  text-books  and  manuals  dealing  with 
the  medical  and  surgical  aspects  of  the  diseases  of  the 
eye  is  necessarily  limited.  Practical  instruction  in  the 
subject  is  not  generally  available ;  and  the  literatm-e 
regarding  it,  which  is  chiefly  foreign,  is  beyond  the 
reach  of  many.  The  aim  throughout  the  following 
pages  has  been  to  present  the  information  derived  from 
microscopical  examination  of  the  eye  in  health  and 
disease,  not  only  as  a  matter  of  scientific  value,  but 
also  as  of  importance  in  its  direct  bearing  upon  a 
special  branch  of  sm-gery.  Conditions  not  peculiar  to 
this  department,  as,  for  example,  some  affections  of  the 
skin  of  the  eyelids,  and  also  rare  intra-ocular  and 
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extra-ocular  tumours,  tlie  cliaracters  of  whicli  corre- 
spond with  those  of  similar  growths  occun-ing  else- 
where, are  only  briefly  referred  to;  and  theoretical 
questions  have  been  avoided,  although,  it  may  be  con- 
fessed, the  temptation  to  include  them  was  strong, 
owing  to  their  inherent  interest. 

All  classifications  are  artificial,  and  so  far  unsatis- 
factory;  at  the  best  they  are  merely  conveniences. 
The  most  suitable  arrangement  is  founded  on  the  dif- 
ferent tissues  of  which  the  eyeball  is  composed,  and 
accordingly  these  structures  have  been  considered 
separately.  Short  clinical  notes,  however,  are  given, 
where  thought  desirable,  along  with  the  descriptions 
of  the  drawings  of  diseased  conditions,  in  order  that 
the  relations  of  the  chief  pathological  processes  to  one 
another  may  be  understood. 

The  volume  embodies  the  results  of  continuous  re- 
search dm-ing  several  years  ;  and  the  specimens  from 
which  the  illustrations  are  drawn  are  such  as  any  one 
with  access  to  a  sufficient  amount  of  material  can  pre- 
pare for  himself.    The  figures  are  careful  representa- 
tions of  preparations  selected  as  typical  and  instructive 
from  a  large  collection ;  and  their  deficiencies  have 
been  left  unaltered,  without  any  supplementary  touches 
from  specimens  more  perfect  in  some  details.  They 
have  all  been  drawn  twice  by  myself  with  the  help  of 
a  camera  lucida,  first  with  pencil  and  again  with  litho- 
graphic materials.     The  copies  were  then  compared 
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with  each  other,  and  any  little  discrepancies  corrected 
by  further  reference  to  the  originals.  It  is  hoped  that 
by  this  double   labour   greater   accuracy  has  been 

;  secured.     The  mechanical  part  of  transferring  these 

idra-vvings  to  stone  has  been  satisfactorily  executed  by 
the  lithographers,  and  the  use  of  colours  for  printing 
has  been  resorted  to  in  order  to  bring  out  the  requisite 

•  effect.  In  one  or  two  instances  it  seemed  preferable 
to  utilize  specimens  from  the  lower  animals ;  and  these 

■  are  noted  in  the  proper  places. 

As  histological  methods  are  now  so  familiar  to  the 
medical  profession,  it  need  only  be  mentioned  that  the 
usual  reagents  and  appliances  were  employed.  Most 
of  the  tissues  were  hardened  in  a  solution  of  chromic 
acid,  or  in  Miiller's  fluid,  a  few  with  the  aid  of  picric 
acid.  The  sections  were  cut  by  means  of  a  freezing- 
microtome  ;  logwood,  carmine,  picrocarmine,  aniline 
dyes,  nitrate  of  silver,  and  chloride  of  gold  were  used 
for  staining ;  and  the  preparations  were  mounted  in 
glycerine,  dammar,  or  Canada  balsam. 

The  order  of  the  illustrations  agrees  as  closely  as 
possible  with  that  of  the  text,  and  the  figures  will  be 
most  profitably  examined  and  fully  understood,  when 
studied  consecutively  in  connection  with  the  corre- 
sponding section  of  the  systematic  portion  of  the  book. 
This  arrangement  seemed  more  convenient  for  the 
reader  than  the  use  of  constant  references  from  the 
first  to  the  second  pax't  of  the  work,  each  of  which. 
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however,  clepencls  upon  the  other  for  its  complete  com- 
prehension. 

It  was  found  that  a  detailed  notice  of  the  biblio- 
graphy would  have  added  greatly  to  the  size  of  the 
volume  without  commensm-ate  advantage  to  those  who 
are  likely  to  use  it.  A  glance  at  foreign  monograi^hs, 
dealing  with  parts  of  the  subject,  where  such  refer- 
ences are  given,  will  show  the  magnitude  of  the  under- 
taking. For  statements  which  I  have  been  unable  to 
verify,  however,  adequate  authority  is  quoted. 

I  have  to  thank  a  few  friends  for  some  material 
kindly  put  at  my  disposal ;  and  to  Dr.  Arch.  K. 
Chalmers,  of  Mossend,  I  am  indebted  for  a  careful 
revision  of  the  proof-sheets. 

C.  F.  P. 


HiLLHEAD,  Glasgow, 
Juhj  1886. 
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EYELIDS  AND  CONJUNCTIVA. 

I.  Normal  Structure. 

IThe  eyelids  are  complex  structures,  many  histological 
e3lement3  entering  into  their  composition.  Each  lid  is 
c:overed  externally  with  skin,  and  on  the  surface  next 
tthe  eyeball  with  mucous  membrane;  and  contains 
sstriated  muscle,  plain  unstriped  muscle,  dense  fibrous 
tfcissue,  loose  connective  tissue,  fat,  hairs,  glands,  nerves, 
Iblood-vessels,  and  lymphatics.  The  relations  of  these 
tto  one  another  and  their  arrangement  are  best  studied 
iin  sections  taken  at  right  angles  to  the  free  edge  of  the 
Hid,  although  sections  passing  in  other  directions  may 
Ibe  necessary  to  elucidate  some  points.  The  outline  of 
S3uch  a  vertical  or  sagittal  section  of  the  upper  lid  is 
Uong  and  narrow,  the  slightly  curved  surfaces  running 
ffrom  the  ciliary  border  more  or  less  parallel  with  each 
cother  until  about  the  orbital  margin  of  the  tarsus,  where 
tthey  begin  to  diverge,  the  conjunctival  surface  bending 
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inwards  towards  its  reflection  at  tlie  cul-de-sac.  _  The 
outer  corner  o£  the  free  border  is  rounded  off;  the  inner 
is  nearly  rectangular.  The  outline  of  a  vertical  section 
of  the  lower  lid,  on  the  other  hand,  is  shorter  and 
thicker,  and  has  rather  the  shape  of  a  thick  wedge,  for 
the  surfaces  form  an  angle  at  the  junction  of  the  skm 

and  conjunctiva. 

The  sUn  is  delicate.    Everything  is  in  miniature. 
The  epidermis  and  corium  are  thin ;  the  papilla  are 
small ;  the  hairs,  which  have  frequently  no  apparent 
sebaceous  gland  attached  to  their  follicles,  are  extremely 
fine ;  and  the  sweat  glands,  with  the  usual  confused  coil 
of  convoluted  tube  in  the  subcutaneous  tissue  and  a 
pretty  straight  duct  leading  to  the  surface,  are  minute, 
though  often  abundant.    The  surface  is  wavy  and 
wrinkled.    Both  in  the  epidermis  and  in  the  cutis  a 
very  considerable  quantity  of  brown  particles  of  pigment 
occurs  occasionally  in  clusters,  and  this  pigmentation  is 
sometimes  specially  noticeable  in  the  deeper  layers  of 
the  epithelial  cells  and  in  the  adjacent  corpuscles  of 
the  cutis  in  the  neighbourhood  of  the  cilia. 

The  subcutaneous  layer  is  composed  of  loose  connective 
tissue,  with  its  bundles  of  white  fibres  mixed  with  some 
elastic  ones  and  scattered  corpuscles.  In  the  tarsal 
region  there  is  no  fat,  but  towards  the  orbital  portion 
there  are  collections  of  adipose  tissue.  The  lymphatics 
are  usually  numerous  and  distinct  in  ordinary  prepara- 
tions. 

The  eyelashes,  or  cilia,  are  large  well-developed  hairs 
springing  from  the  outer  edge  of  the  free  border  in  from 
two  to  four  rows.  They  are  curved,  the  point  bending 
away  from  the  conjunctiva ;  but  they  do  not  swerve  to 
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eeither  side.  Small  sebaceous  glands  are  sometimes 
sseen  connected  with  their  sheaths,  and  the  acarus 
rPolliciilorum  is  an  occasional  occupant  of  the  opening, 
ivhere  the  little  parasite  lies  among  the  loose  epithelial 
-scales. 

Underneath  the  subcutaneous  tissue  there  is  the 
I  whimlaris  palpehrarimi  muscle.  In  a  vertical  section 
cof  the  lid,  the  variously  shaped  fasciculi  of  the  striated 
imuscular  fibres,  bound  together  by  connective  tissue, 
aire  seen  cut  across,  and  form  a  comparatively  thick 
boand  in  the  whole  extent  of  the  eyelid,  terminating 
ainteriorly  at  the  roots  of  the  eyelashes.  Some  bundles, 
'separated  from  the  others  by  the  intervening  cilia  and 
tbhe  glands  of  Moll,  constitute  the  muscuhis  ciliaris 
IRiolani,  part  of  which  is  situated  between  the  roots  of 
bhe  eyelashes  and  the  ducts  of  the  Meibomian  glands, 
ppart  between  these  ducts  and  the  conjunctiva,  while  a 
ffew  fibres  lie  behind  this  point  between  the  most 
amterior  alveoli  of  the  glands  and  the  conjunctiva. 

The  tarsus  is  a  plate  of  dense  white  fibrous  tissue,  in 
which  numerous  elongated  nuclei  are  easily  demon- 
sitrated.  The  fibres  run  in  manifold  directions,  and  the 
flensity  of  the  structm-e  obscures  its  details.  It  is 
seeparated  from  the  over-lying  orbicularis  by  a  layer  of 
Moose  connective  tissue,  in  which  a  few  fat  cells  are 
wccasionally  found.  Corresponding  with  the  shape  of 
tbhe  upper  and  under  lids  respectively,  the  tarsus  of  the 
fcormer  extends  much  further  back  from  the  edge  than 
tbhat  of  the  latter.  In  both  cases  the  palpebral  margin 
iis  immediately  under  the  epithelium,  and  ill-defined, 
while  the  orbital  margin  is  thinner,  and  continuous  with 
ti}he  surrounding  tissue,  in  which  there  are  well-marked 
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bands  of  involuntary  muscular  fibres,  with  tlieir  elongated 
nuclei,  passing  from  tbe  tarsus  and  mostly  parallel  with, 
tbe  conjunctival  surface,  tliougli  the  individual  fibres 
run  in  various  courses.  In  the  upper  lid  white  fibres, 
forming  the  tendon  of  the  levator  palpebras  superioris, 
are  also  attached  to  this  portion  of  the  tarsus.  In  both 
lids  fat  cells  frequently  are  present  close  to  the  plain 
muscular  fibres,  and  amongst  the  strands  there  are 
scattered  large,  spherical,  very  gi-anular,  nucleated 
corpuscles. 

The  Meibomian  glands  are  embedded  in  the  tarsus. 
The  wide  central  duct  of  each  opens  on  the  free  edge 
of  the  lid  near  the  inner  margin,  and  extends  from  this 
parallel  with  the  conjunctiva  to  the  distal  alveoli. 
Among  the  alveoli  it  is  badly  defined,  fragmentary,  and 
sacculated ;  nearer  the  moiith  it  is  narrower  and  tubu- 
lar.   It  is  lined  with  stratified  epithelium,  the  super- 
ficial cells  of  which  are  flattened  and  have  an  oval 
nucleus,  the  deepest  cells  being  somewhat  columnar 
with  a  round  nucleus.    About  the  sides  of  this  main 
duct  are  placed  the  roundish  bulbous  alveoli,  which  are 
comparatively  large  cavities,  and  may  be  sub-divided, 
their  mouths  either  opening  directly  into  the  duct,  or 
being  connected  with  it  by  a  short  constricted  neck. 
They  appear  as  isolated  spaces,  if  the  section  has  passed 
along  by  the  side  of  the  duct ;  but  in  fortunate  speci- 
mens, including  the  latter,  the  whole  an-angement  of 
the  gland  is  well  displayed,  and  is  exceedingly  beauti- 
ful.   The  alveoli  are  lined  by  a  single  layer  of  short 
columnar  or  cubical  cells  with  round  nuclei,  continuous 
with  the  deepest  epithelial  cells  of  the  duct,  and  thay 
are  often  occupied  by  an  opaque  mass,  consisting  of  scales 
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and  iiTegailar  nucleated  bodies  filled  with,  fatty  par- 
ticles, glued  together  with  granular  debris.  Similar 
material  is  found  in  the  duct  itself.  One  of  the  distal 
alveoli  is  sometimes  slightly  distended,  and  then  forms 
a  round  open  space.  Successive  sections  parallel  with 
the  edge  of  the  lid  enable  the  following  facts  to  be 
noted.  Near  their  mouths  the  ducts  form  a  series  of 
circular  openings  in  the  epithelium,  nearly  but  not 
quite  equally  distant  from  the  conjunctival  smi'ace  ; 
fm-ther  back  they  are  rings  of  stratified  epitheliiim 
among"  the  connective  tissue ;  a  Kttle  further  back  the 
outer  surface  of  the  outline  of  these  rings  is  irregular, 
and  then  immediately  behind  this  the  first  appearance 
of  the  alveoli  is  seen.  The  glands  and  ducts  are  in 
this  ]Dart  of  theii"  com'se  separated  from  the  roots  of  the 
cilia  and  the  glands  of  Moll  by  the  longitudinally  cut 
bundles  of  the  musculus  ciliaris  Riolani,  from  which 
some  fibres  pass  obliquely  between  them  towards  the 
conjunctival  surface  to  mingle  with  the  few  inner 
strands  of  the  muscle  running  parallel  with  the  main 
outer  portion.  The  ducts  or  glands  are  thus  in  a 
manner  embraced  by  the  muscle.  Behind  this  the 
ducts  are  much  larger,  and  are  surrounded  by  the 
alveoli  on  all  sides,  amongst  which  some  of  the  oblique 
connecting  muscular  fibres  can  be  observed.  Owing  to 
the  direction  in  which  many  of  the  alveoli  open  into  the 
duct,  it  is  not  always  possible  to  trace  the  connection 
between  the  two,  most  of  them  being  isolated  irregular 
spaces  clustering  round,  but  entirely  free  from,  it. 
Where  this  arrangement  prevails,  the  duct  has  well- 
defined  walls,  but  in  sections,  where  some  of  the  acini 
happen  to  open  into  it,  it  seems  veiy  in-egular  and 
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without  definite  boundaries.  Eacli  gland  here  forms  a 
separate  group  of  alveoli  about  tbe  wide  duct,  rather 
uneven  in  outline  and  separated  from  its  neighbours  by 
a  thin  partition  of  the  dense  tarsus.  A  little  further 
back  the  inner  muscular  fibres  are  wanting,  and  the 
gi-oups  are  somewhat  square  in  outline  with  rounded 
corners.  They  retain  this  character  throughout  the 
rest  of  their  extent  beneath  the  orbicularis,  but  are  still 
larger,  and,  as  the  posterior  border  of  the  tarsus  is 
approached,  some  of  them  cease,  and  their  place  is  then 
taken  here  and  there  by  the  racemose  or  tubular  glands 
to  be  mentioned  next. 

Bacemose  and  tubular  glands  occur  in  the  region  of 
the  fornix  in  the  loose  sub-epithelial  tissue,  and  similar 
structures  are  found  in  the  adjacent  part  of  the  tarsus, 
a  considerable  extent  of  the  orbital  or  posterior  portion 
of  which  may  be  so  occupied.  The  majority  of  sagittal 
sections,  however,  do  not  show  these,  and  the  Mei- 
bomian glands  then  extend  well  up  to  the  margin  of 
the  tarsus. 

The  glands  of  Moll  are  situated  at  the  palpebral  edge 
of  the  lid,  and,  when  present  in  a  vertical  section,  are 
seen  near  the  roots  of  the  eyelashes,  close  to  the 
musculus  ciliaris  Riolani.  They  are  formed  apparently 
of  a  long,  wide,  bending  tube ;  and  sections  of  them 
show  a  narrower  portion  running  forwards  beside  the 
roots  of  the  cilia,  and,  further  back,  irregularly  disposed 
more  or  less  round  spaces  of  various  sizes.  Some  of 
these  are  large,  and  resemble  the  neighbom-ing  alveoli 
of  the  Meibomian  glands.  They  are  lined  by  cubical 
epithelial  cells,  and  in  the  deeper  part  these  may 
contain  yellow  or  brown  gi-anules.    Outside  their  base- 
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ment  membrane  there  are  fibres  and  spindle  cells  with 
elongated  nuclei ;  and,  when  these  are  seen  through 
the  cm-ved  wall  in  glycerine  preparations,  they  give 
it  a  peculiar  ribbed  appearance,  as  if  it  were  built 
up  of  many  minute  arches.  The  spaces  are  generally 
empty,  but  occasionally  contain  a  mass  of  granular  or 
nearly  homogeneous  material,  which  has  sometimes 
a  series  of  concentric  lines.  The  glands  open  most 
commonly  into  the  follicle  of  a  cilium,  but  sometimes 
separately,  though  close  to  or  associated  with  the  follicle. 
Successive  sections  parallel  with  the  edge  of  the  lid 
show  certain  details.  The  deepest  part  of  the  longer 
glands  is  seen  as  a  bending  tube  between  the  anterior 
portions  of  the  neighbouring  Meibomian  glands ;  in 
front  of  this  the  section  of  each  gland  is  larger,  and  lies 
outside  the  level  of  the  Meibomian  ones  as  an  irregular 
saccule  divided  imperfectly  into  compartments  by  septa, 
as  if  a  coiled  wide  tube  had  been  cut  across.  Further 
forwards  similar  empty  portions  among  the  roots  of  the 
cilia  form  a  prominent  feature  in  this  middle  layer  of 
the  eyelid  along  with  the  dark  roots  of  the  hairs  in  the 
follicles,  with  a  few  insignificant  sebaceous  glands,  and 
fibres  of  the  musculus  ciliaris  Eiolani.  In  advance  of 
this  the  lumen  of  the  gland  or  duct  is  narrower,  and 
the  cross  sections  of  it  and  of  one  of  the  deeper  hair 
follicles  lie  near  each  other ;  and  then  lastly  it  is 
seen  as  a  small  round  opening  in  a  thickened  portion 
of  the  epithelium  composing  the  follicle,  or  as  a  little 
tube  passing  through  its  wall. 

In  some  specimens  glands  are  seen  in  this  locality, 
having  the  ordinary  coiled  knot  of  a  sweat  gland, 
beneath  the  orbicularis,  but  with  a  wider  lumen  than 
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usual  and  a  long  duct,  proceeding  outwards  in  the 
same  direction  as  the  eyelashes. 

The  covjundiva  palpebrce  is  intimately  united  to  the 
tarsus,  and  consists  of  two  layers.    Superficially  there 
is  stratified  epithelium.    Towards  the  edge  of  the  lid 
the  deep  cells  are  cubical  and  those  on  the  surface 
flattened;   about  the  fornix  or  cul-de-sac  the  deep 
cells   are  still  cubical,  but  the   external  ones  are 
columnar,  and  many  of  them  have  the  characters  of 
goblet  cells,  with  a  deeper  tapering  extremity  and  an 
uiDper  expanded  portion  filled  with  clear  material ;  and 
in  the  furrows  between  the  folds  in  this  region  the 
superficial  cells  are  long,  large,  and  uniform.  The 
cells  of  the  intermediate  strata  everywhere  are  irregular 
in  outline.    The   sub-epithelial  layer  of  connective 
tissue  also  presents  difierent  characters  in  different 
areas.    Over  the  tarsus  it  is  thin  and  comparatively 
dense ;  nearer  the  fornix  it  is  loose.    Besides  its  pro- 
per corpuscles,  some  of  which  now  and  then  contain 
clusters  of  pale-brown  granules  of  pigment,  it  contains 
many  round  lymphoid  cells;  and  this  adenoid  tissue, 
which  is  sparingly  distributed  in  the  portion  covering 
the  tarsus,  is  very  abundant  about  the  fornix,  and  may 
here  form  minute  undefined  collections.    True  lymph 
follicles,  such  as  described  by  Bruch  in  the  eyelid  of 
the  ox,  apparently  occur  in  the  hmnan  eyelid  only  in 
pathological  conditions.    Over  the  tarsus  the  sui-face  of 
the  conjunctiva  is  smooth,  and  no  papilla  are  found,  the 
boundary  line  between  the  epithelium  and  the  under- 
lying tissue  being  quite  straight  or  at  most  slightly 
undulating.    Nearer  the  fornix  there  are  irregular  folds 
and  ridges  with  intervening  ga-ooves  and  furrows  ;  and, 
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when  these  are  seen  cut  vertically,  they  have  somewhat 
the  appearance  of  well-developed  papillte.  At  the 
cul-de-sac,  sections  of  these  irregularities  not  un- 
frequently  resemble  the  arrangement  of  simple  glands, 
a  duct  being  formed  by  the  close  approach  of  the  sum- 
mits of  two  adjacent  ridges,  and  an  apparent  alveolus 
by  the  greater  separation  of  the  deeper  parts.  A  still 
closer  similarity  to  the  structm-e  of  glands  is  presented 
in  places,  where  roundish  spaces  of  some  size,  lined  with 
epithelium,  are  embedded  in  the  loose  tissue  and 
isolated ;  they  are  occupied  by  several  layers  of  epi- 
thelial cells,  and  are  seemingly  merely  portions  of  de- 
pressions on  the  conjunctival  surface  cut  transversely. 

The  conjunctiva  hulbi  covers  the  anterior  part  of  the 
sclerotic,  and  has  an  epithelial  and  a  connective  tissue 
layer.  The  superficial  cells  of  the  epithelium  are 
flattened,  the  intermediate  polygonal,  and  the  deepest 
somewhat  columnar.  Some  goblet  cells,  swollen  and 
distended  with  clear  material,  may  be  present  about 
the  fornix  ;  and  near  the  cornea  the  epithelial  layer  is 
thicker,  and  in  the  eye  of  the  negro  particles  of  pig- 
ment tinge  the  cells,  especially  the  deeper  ones.  The 
sub-epithelial  layer  is  a  network  of  white  and  elastic 
fibres,  amongst  which  are  seen  the  nuclei  of  corpuscles ; 
and,  as  large  numbers  of  lymphoid  cells  are  present, 
the  structure  resembles  adenoid  tissue  in  many  parts. 
The  blood-vessels  and  lymphatics  are  numerous,  and 
there  are  sometimes  a  few  fat  cells.  The  episcleral 
portion  immediately  outside  the  sclerotic,  with  which 
it  is  continuous,  is  rather  more  dense  than  the  parts 
elsewhere,  and  just  under  the  epithelium  a  similar 
but  very  thin  layer  occurs.   There  are  no  papillas.  The 
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couiuBctiya  overlaps  tlie  margin  of  the  cornea  for  a 
short  distance,  and  this  area  receives  the  name  of  hm- 
hus  conjundivcc.  The  plica  semihmans  is  a  fold  of  con- 
iiinctiva  •  and  is  surmounted  by  the  caruncula  lachry- 
Malis,  which  is  apparently  modified  skin,  with  fine 
hairs,  sebaceous  glands,  fat  cells,  and  some  involuntary 
muscular  fibres  (Miiller).  I  have  sought  m  vam  m  the 
human  conjunctiva  for  the  bodies  described  as  the  end- 
bulbs  of  Krause. 

II.  Pathological  Conditions. 

(Edema  of  the  EyeUds.— The  loose  subcutaneous 
tissue  of  the  lid  is  distended  with  serous  fluid,  and 
sections  of  such  a  case  show  large  irregular  spaces 
among  bands  of  fibres  in  this  region.  Most  of  these 
are  empty ;  but  some  contain  a  coagulum  of  finely 
granular  material. 

Blepharitis.— In  inflammation  of  the  edge  of  the  lid 
there  is  a  local  infiltration,  with  inflammatory  round 
cells,  of  the  coriiim  and  subcutaneous  tissue ;  and  m 
sections  from  a  severe  case  the  outline  is  rounded  off 
or  otherwise  altered.  The  follicles  of  the  eyelashes 
may  be  involved,  and  pus  cells  occm-  about  the  roots  of 
the  hairs.  The  crusts  are  composed  of  epidermic  and 
pus  cells,  glued  together  by  an  amorphous  substance 

(Colberg).  .    ^  ^ 

Hordeolum  or  Stye.— This  is  characterized  by  a 

circumscribed  collection  of  round  cells,  with  necrosed 

tissue  and  products  of  degeneration  in  the  centre,  about 

the  ciliary  edge  of  the  lid. 

Chalazion  or  Meibomian  Cyst.— In  sections  of  an 
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excised  chalazion  there  is  evidence  of  ckronic  inflamma- 
tion or  hypertrophy  of  some  part  of  a  Meibomian  gland, 
with  accumulation  of  its  secretion  in  the  enlarged 
alveoli.  An  external  capsule  of  firm  fibrous  tissue 
sends  inwards  septa  or  trabeculas,  which  divide  the 
enclosed  cavity  into  imperfect  compartments.  On  the 
inner  surface  of  these  partitions  there  is  a  zone  of  epi- 
thelium, many  cells  of  which  are  somewhat  cylindrical. 
The  succeeding  layers  of  epithelial  cells  show  partial 
fatty  degeneration  by  the  granular  condition  of  the 
elements,  and  are  more  oval  or  spherical,  those  furthest 
from  the  septa  lying  rather  loosely  in  a  granular  matrix. 
This  zone  stains  deep  yellow  with  picrocarmine,  and 
forms  the  transition  to  the  fatty  mass  occujDying  the 
centre,  in  which  there  are  epithelial  scales  without 
nuclei,  large,  dark,  opaque,  swollen,  globular  bodies, 
and  much  molecular  debris.  These  central  collections 
are  very  friable,  and  may  contain  a  calcareous  deposit 
or  crystals  of  cholesterine.  They  stain  red  throughout 
with  picrocarmine  and  deep  blue  with  logwood.  At 
certain  places  it  may  happen  that  the  fatty  mass  is  in 
immediate  contact  with  the  connective  tissue  frame- 
work, the  distended  alveolus  being  completely  filled 
with  the  degenerated  material. 

These  conditions  correspond  histologically  with  some 
of  the  sebaceous  cysts  found  under  the  skin  of  the 
eyelid. 

There  seem  to  be  several  varieties  of  chalazia.  Some, 
of  slow  growth,  have  the  characters  just  described; 
others,  where  suppuration  has  occurred,  have  an  in- 
flammatory zone  of  infiltration  surrounding  them  ;  and 
others  are  made  up  of  granulation  tissue,  forming  a 


12  EYELIDS  AND  CONJUNCTIVA. 

nodiile  of  round  cells  witli  cement  substance,  traversed 
by  many  tliin-walled  blood-vessels.  Scliweigger  limits 
the  name  chalazion  to  this  last  form,  arising  from  the 
tissue  of  the  tarsus  and  replacing  the  normal  struc- 
tures in  the  locality;  and  the  term  atheromatous  cyst 
would  then  be  applied  to  those  tumours  in  which  there 
is  simply  an  accumulation  of  degenerated  epithelial 

products.  . 

MoUuscum  Contagiosum.— In  this  affection  ot  the 
skin  the  appearances  are  those  of  a  simple  sebaceous 
cyst.  The  enlarged  alveolus  is  lined  by  epithelial  cells, 
and  contains  a  mass  of  granular  and  fatty  detritus  with 
altered  epithelial  cells. 

Dermoid  Cyst.— This  is  a  subcutaneous  formation. 
The  capsule,  formed  of  fibrous  tissue,  encloses  a  single 
cavity.    Its  internal  surface  is  lined  with  stratified 
epithelium;  and  the  wall,  which  is  smooth,  unless 
the  contents  have  escaped  during  or  after  removal 
of  the  tmnour,  is  furnished  with  hair-follicles,  hairs, 
and,  generally,  sebaceous  glands.    The  contents,  which 
stain  deeply  with  logwood,  are  for  the  most  part  of 
epithelial  origin,  consisting  chiefly  of  transparent  scales, 
similar  to  those  found  lying  in  the  mouth  of  an  ordinary 
hair-follicle,  mixed  with  opaque  fatty  globules  and 
granules,  cement  substance,  and  scattered  portions  of 
fine  hairs.    Crystals  of  cholesterine  may  be  present. 
Surrounding  the  cyst  there  is  loose  connective  tissue, 
with  fat,  muscle,  and  other  normal  elements. 

Epithelioma  of  the  Eyelid.— As  elsewhere,  this  con- 
sists here  of  an  excessive  development  of  epithelium. 
Fi-om  the  gi-eatly  thickened  superficial  layers  irregular 
outgrowths,  which  may  be  branched,  penetrate  into  the 
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sub-epithelial  tissue,  and  these  sometimes  contain  cell- 
nests  with  the  characteristic  concentric  arrangement. 
The  neighbouring  tissue  is  generally  very  vascular 
and  considerably  infiltrated  with  round  cells,  and  the 
epithelial  processes  may  pass  gradually  into  this,  or 
have  a  more  sharply  demarcated  boundary. 

Rodent  Ulcer  of  the  Eyelid  is  a  carcinoma  of  the 
skin,  which  has  u.lcerated.  The  origin  of  the  epithelial 
growth  has  been  variously  referred  to  the  sebaceous 
glands,  the  hair-follicles,  and  the  sweat  glands. 

Sarcoma  of  the  Eyelid  occurs  under  the  epithelium, 
and  involves  all  the  various  tissues.  The  tumour  may 
be  round-celled,  spindle-celled,  or  mixed,  and  is  some- 
times pigmented. 

Xanthelasma  Palpebrarum  or  Xanthoma. — Descrip- 
tions of  the  histological  characters  of  this  disease  of  the 
skin  of  the  eyelids,  with  its  raised,  flat,  yellow  patches 
and  occasional  tubercles,  difier  considerably  from  one 
another.  It  affects  the  corium,  and  here  there  is  a  new 
gTOwth  of  connective  tissue,  which  is  of  greater  extent 
in  the  tuberous  than  in  the  plane  variety  of  the  affec- 
tion. Among  the  fibres  there  are  cells  containing  oil, 
which  may  be  in  the  form  of  gi-anules  or  globules. 
Needle-shaped  crystals  are  sometimes  observed.  Baren- 
sprtmg  found  fatty  particles  and  globules  between  the 
fibres  of  the  cutis.  Pigment  occurs  as  brown  or  yel- 
lowish molecules,  and  some  of  this  lies  inside  cells ;  but 
the  normal  presence  of  pigmented  corpuscles  in  this 
region  must  be  borne  in  mind  in  estimating  any  excess. 
Clusters  of  this  pigment  are  rather  numerous  in  the 
walls  of  the  lymphatic  vessels.  Distended  sebaceous 
glands  may  form  cysts  in  the  midst  of  the  patch  of 
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xanthelasma;  and  serous  cysts  have  been  described  by 

Hntchinson.  .      ^  . 

Phtheiriasis  Palpebrarum.— In  this  affection  the 
crab-louse,  the  pediculus  which  more  frequently  lodges 
on  the  pubis,  is  found  on  the  eyelashes ;  and  all  the 
stages  of  development  from  the  early  ovum  to  the 
mature  insect  are  usually  present.    The  nU  is  formed 
of  the  egg  firmly  fastened  to  an  eyelash  near  the  eye- 
lid by  a  mass  of  clear  substance,  which  sm-rounds  the 
hair  as  a  tube  for  a  short  distance,  and  projects  at  one 
side  like  a  ledge  or  bracket,  the  ovum  being  fixed  to 
this  projection  and  to  the  distal  part  of  the  tube.  The 
ovum,  with  its  hard  transparent  wall,  is  slightly  pyi-i- 
form,  and  the  thinner  end,  directed  towards  the  root  of 
the  hair,  is  partly  embedded  in  the  bracket.    The  other 
end,  looking  towards  the  tip  of  the  hair,  has  a  wide 
moilth  covered  with  a  rough  dome-shaped  lid,  the 
operculum.     In  the  early  stage  the  nit  contains  a 
yellow  mass  with  large  granules ;  in  the  later  stage 
the  limbs  of  the  insect  can  be  made  out  with  more  or 
less  distinctness  ;  ultimately  the  capsule  is  abandoned 
by  the  young  pediculus,  and  is  then  empty  and  without 
an  operculum.    If  several  nits  occm-  on  one  eyelash, 
the  youngest  is  next  the  root.    The  free  pedwuli  are  of 
all  sizes,  from  the  small  recently  hatched  to  the  large 
fully  developed  specimen.    The  latter  is  broad  and 
short,  the  abdomen  and  thorax  being  welded  together, 
and  the  head  vdth  its   five-jointed  antennae  being 
inserted  into  a  notch  in  front  of  the  thorax.  From 
four  rounded  marginal  projections  on  each  side  of  the 
abdomen  there  spring  little  wavy  bristles,  and  some 
still  shorter  bristles  occur  on  the  limbs.    The  dorsal 
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surface  of  tiie  transparent  body  is  furnished  with 
pointed  spines,  and  the  tracheae  throughout  the  interior 
■with  the  stigmata  along  the  margins  are  conspicuous. 
There  are  three  pairs  of  legs ;  the  two  hinder  pairs 
■possessing  curved  claws,  which  are  comparatively  large, 
with  knob-like  oj)posing  processes.  The  animal  grasps 
•either  a  hair  on  one  side  of  itself,  or  hairs  on  both 
sides;  and  generally  remains  clinging  to  them  tena- 
-ciously,  when  the  eyelashes  are  pulled  out.  It  bites 
into  the  skin,  and  the  head  is  found  directed  towards 
the  root  of  the  hair.  The  females  are  larger  than  the 
males,  and,  while  the  posterior  extremity  of  the  former 
is  notched,  that  of  the  latter  is  rounded  off. 

The  following  affections,  occm-ring  on  the  eyelids, 
-agree  histologically  with  like  conditions  in  other  parts 
'Of  the  skin  : — 

Tumours : — 
Papilloma  or  Wai't,  a  local  hypertrophy  ■with  en- 
larged papillae  covered  with  thickened  epider- 
mis. 

N'cevits,  a  network  of  blood-vessels. 
Zipoma,  adipose  tissue. 
Fibroma,  fibrous  tissue. 

'Ghomma,  with,  a  central  granular  caseous  mass, 
surrounded  by  a  zone  of  round  cells  and,  outside 
this,  by  newly  formed  connective  tissue. 
Inflammations : — 

Erysipelas,  Hczema,  Herpes,  Acne,  Small-pox. 
Ulcers : — 

Syphilis,  Lupus. 
Chemosis.— In  this  oedematoua  condition  of  the  con- 
junctiva, the  connective  tissue  layer  is  expanded,  forming 
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a  loose  mesli-work  witli  irregular  spaces.  Inflammatoiy 
exudation  is  generally  noticeable  to  some  extent.  _ 

Muco-puxulent  Conjunctivitis.— The  liyiDersemia  ot 
tHs  inflammation  of  the  conjunctiva  is  indicated  in 
sections  by  the  distension  of  the  vessels  with  blood 
corpuscles,  the  margin  of  the  little  clot  being,  as  m 
sections  of  similar  vessels  elsewhere,  sometimes  sm-- 
rounded  by  a  serous  coagulum,  forming  a  yellowish, 
nearly  homogeneous  zone,  the  outer  edge  of  which  is 
scalloped  by  lacunge  or  vacuoles  between  it  and  the  wall 
of  the  vessel.    Serous  exudation  may  have  rendered 
the  connective  tissue  loose  in  its  arrangement.  In  both 
acute  and  chronic  conjunctivitis  the  irregular  elevations 
on  the  palpebral  surface  are  often  much  enlarged,  and 
sections  of  the  prominences  with  the  intervening  gi-ooves 
resemble  compound  papillae  infiltrated  with  round  cells, 
for  the  epithelium  over  the  ridges  is  thicker  in  various 
places,  where   secondary  f  un-ows   existed,  and  ^  the 
boundary  line  between  this  and  the  underlying  tissue 
with  its  collections  of  leucocytes  is  very  uneven.  Small 
closely  packed  accumulations  of  round  cells  may  be 
found  in  the  midst  of  the  more  diffused  infiltration. 
The  discharge  consists  of  clear  fluid,  in  which,  entangled 
among  strings  and  shreds  of  mucus,  there  float  epithelial 
cells,  spherical  gi-anular  corpuscles  with  a  round  nucleus, 
and  some  pus  cells  with  their  bipartite  or  tripartite 
nuclei,  the  addition  of  acetic  acid  rendering  the  mucus 
more  apparent,  while  bringing  into  prominence  the 
nuclei  of  the  cells  in  the  usual  way.    Many  bacteria 
are  present. 

Purulent  Conjunctivitis.— All  the  conditions  de- 
scribed in  the  last  paragraph  are  found  in  preparations 
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:  from  this  disease ;  but  the  infiltration  with  round  cells 
:is  more  extensive  and  profuse,  and  the  oedema  is  well 
marked.    The  epithelium  may  be  loosened  and  mixed 
with  round  cells,  or  j^artly  destroyed  as  if  macerated ; 
Ibut  in  many  sections  it  appears  quite  normal,  although 
the  underlying  tissue  is  densely  crammed  with  leuco- 
cytes.   The  conjunctiva  bulbi  is  usually  involved,  and 
also  the  episcleral  tissue.    A  drop  of  the  discharge 
consists  mainly  of  pus  cells,  with  much  granular  debris 
i  floating  about. 

Membranous  Conjunctivitis  is  characterized  by  the 
]  presence  of  a  membrane,  apparently  composed  of 
1  fibrinous  exudation  with  leucocytes,  on  the  surface  of 
ithe  conjunctiva,  which  itself  contains  large  quantities 
I  of  round  cells  (Hii-schberg). 

Granular  Conjunctivitis  or  Trachoma. — The  dis- 
itinguishing  feature  of  this  form  of  inflammation  is  the 
t  existence  of  small  spheres  or  granules,  resembling  grey 
!  miliary  tubercles,  of  adenoid  tissue  in  the  conjunctiva 
]  palpebrarum.  The  lymphoid  corpuscles  of  the  con- 
jjunctiva  are  abnormally  abundant,  and  collections  of 
ithem  constitute  the  globular  accumulations,  which  are 
Hike  true  closed  follicles.  In  these  there  is  a  mass  of 
I  round  cells,  crowded  together  in  the  meshes  of  a 
(delicate  reticulum,  and  traversed  here  and  there  by 
Tthin-walled  blood-vessels.  Towards  the  periphery  the 
c  cells  are  more  closely  packed,  and  less  intercellular 
^substance  is  visible,  while  the  central  cells  may  be  more 
Lgranular,  and  the  reticulum  more  easily  observed.  The 
!  limits  of  each  collection  are  clearly  marked,  and  one  of 
ttwo  conditions  is  present ;  there  is  either  an  enveloping 
ipseudo-capsule,  which  shades  ofi"  into  the  neighbouring 
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fibres,  and  seems  to  be  tlie  normal  tissue  pusbed  aside 
and  so  condensed,  or  tbe  sbarp  demarcation  is  owing 
to  tbe  sudden  cessation  of  tbe  adenoid  tissue,  no  fibrous 
boundary  to  tbe  nodule  being  apparent.  Tbe  connective 
tissue  in  tbe  neigbbourbood  is  studded  witb  round  cells, 
and  possesses  in   addition  numerous   fusiform  and 
branched  corpuscles.    Tbe  inflammatory  infiltration  is 
particularly  dense  towards  tbe  surface  of  tbe  conjunctiva, 
wbile  in  tbe  deeper  layers  tbere  are  many  blood-vessels. 
Tbe  superficial  epitbelium  is  for  tbe  most  part  un- 
interrupted, especially  in  cbronic  cases ;  but  it  is  some- 
times partially  or  entirely  absent  over  tbe  little  nodules, 
and,  if  more  tban  one  of  tbese  occm-s  in  tbe  prominence 
wbicb  tbeir  presence  causes,  tbe  epitbelium  dips  sHgbtly 
between  tbem.    Tbe  granules  may  be  found  to  bave 
undergone  fatty  degeneration  and  more  or  less  absorp- 
tion ;  or  in  tbeir  place  a  local  formation  of  organized  cica- 
tricial tissue,witb  consequent  contraction,  may  bave  led  to 
extensive  fibrous  cbanges  witb  atropby  of  tbe  surround- 
ing structui-es  and  distortion  of  tbe  outline  of  tbe  lid. 

Phlyctenular  Conjunctivitis.— Clinical  observation 
sbows  tbat,  before  ulceration,  in  tbis  a3"ection  tbere  is 
on  tbe  ocular  conjunctiva  a  small,  cu-cumscribed,  sub- 
epithelial exudation  of  fluid,  in  wbicb  tbere  are  either 
a  few  leucocytes,  when  it  forms  a  vesicle,  or  many  pus 
cells,  when  it  is  pustular. 

Hypertrophy  of  the  Conjunctiva  is  caused  by  chronic 
conjunctivitis.  Succeeding  the  inflammatory  infiltra- 
tion, tbere  is  a  formation  of  connective  tissue,  so  that 
the  sub-epithelial  layer  is  greatly  thickened.  It  con- 
tains abundant  round  cells  diff'used  throughout  it,  witb 
larger  collections  under  tbe  epithelium  and  about  the 
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numerous  blood-vessels,  and  also  minute  isolated  aggre- 
gations in  the  deeper  portions.  The  irregularities  of  the 
sm-face  are  comjoaratively  large ;  and  sections  of  the 
ridges  often  resemble  compound  papillge,  owing  to  the. 
inequalities  in  thickness  of  the  enlarged  epithelial 
layer,  the  outer  border-line  of  which  seems  compara- 
tively smooth,  while  the  deeper  one  is  very  uneven.  In 
many  places  the  ridges  cannot  be  distinguished  from 
each  other,  and  at  some  points  the  boundary  between 
the  epithelium  and  the  imderlying  densely  infiltrated 
tissue  is  entirely  lost,  the  different  kinds  of  cells 
mingling  ^/ith  one  another. 

Sub-conjunctival  Hsemorrhage. — In  ecchymosis  of 
the  conjunctiva  the  meshes  of  the  connective  tissue  are 
filled,  and  even  slightly  distended,  with  blood-clot,  in 
which  the  fine  outlines  of  the  red  corpuscles  form  more 
or  less  perfect  rings,  amongst  which  are  scattered  the 
gi-anular  white  corpuscles,  which  are  brought  promi- 
nently into  view  by  staining. 

Episcleritis. — This  inflammation  of  the  deepest  layers 
of  the  conjunctival  connective  tissue,  at  the  junction  of 
the  cornea  and  the  sclerotic,  occurs  both  as  an  inde- 
pendent disease  and  also  as  part  of  conjimctivitis 
accompanying  scleritis,  cyclitis,  or  iritis.  It  is  charac- 
terized by  local  distension  of  the  blood-vessels  and 
inflammatory  exudation.  The  leucocytes  abound  in  the 
much  swollen  and  loosened  tissue. 

Pinguecula. — This  small  prominence  near  the  margin 
of  the  cornea  is  composed  of  dense  connective  tissue, 
containing  few  blood-vessels  with  remains  of  others, 
which  have  been  obliterated,  and  is  covered  by  a 
thickened  layer  of  epithelium  (Weller). 

c  2 
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Pterygium.— This  excrescence  outside  tlie  sclerotic 
and  spreading  over  the  cornea  is  a  circumscribed 
hypertrophy  or  growth  of  the  sub-epithelial  layer  ot 
the  conjunctiva,  with  the  usual  appearances  of  that 
tissue.  There  are  bundles  of  fibres  and  also  blood- 
vessels, which  are  more  numerous  towards  the  surface 
than  in  the  deeper  parts,  while  areas  with  a  homo- 
geneous substance,  in  which  lie  many  cells,  occm',  more 
especially  about  the  margins  (Schreiter). 

Xerosis.— In  this  condition  of  the  conjunctiva,  the 
sub-epithelial  tissue  is  more  dense  than  usual,  and  the 
epithelium  is  thickened,  its  outer  layers  bemg  horny 
and  mixed  with  gi-anular  detritus  (Wedl). 

Amyloid  Disease  of  the  Conjunctiva.— In  this 
degeneration  with  thickening  there  are  bright  clear 
corpuscles  and  trabecute  with  a  glancing  appearance, 
which  stain  dark  brown  with  a  solution  of  lodme 

(Leber).  „ 
Conjunctival   and   Sub-conjunctival  Tumours  ot 

various  kinds  have  been  examined,  theii-  histological 

characters  corresponding  with  those  of  similar  tumoui-s 

occurring  elsewhere.    It  will  be  sufficient  to  mention 

these  very  briefly. 

A  Polypus  is  most  frequently  situated  about  the 
inner  commissm-e  of  the  eyelids,  and  is  composed 
chiefly  of  round  cells  and  delicate  blood-vessels,  held 
together  by  loose  connective  tissue,  which  forms  a 
matrix,  in  which  there  are  little  openings  and  spaces 
either  empty  or  containing  some  amorphous  material. 
The  tumour  is  sometimes  more  fibrous  in  its  natm-e 
(Fano).  The  surface  is  covered  with  epithelium. 
Lipoma.— A  fatty  tumour  may  involve  the  con- 
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Ainctiva,  or  lie  uucTerneatli  it,  and  appears  to  be  most 
■common  in  tlie  region  between  the  superior  and  external 
.  recti  muscles  (Graefe). 

Fibroma. — Horner  lias  described  a  fibrous  tumour, 
pringing  from  the  upper  part  of  the  conjunctiva 
julbi,  and  presenting  a  j^apillary  surface  with  blood- 
vessels in  the  sub-e|)ithelial  papillae. 

Osteoma. — Little  nodules  of  bone,  with  all  the  normal 
■construction  of  that  tissue,  have  been  seen  under  the 
■conjunctiva  of  the  upper  lid.  They  were  surrounded 
nj  a  layer  of  dense  fibrous  tissue  (Schweigger). 

Angioma  of  the  palpebral  conjunctiva  is  congenital, 
ii,nd  similar  vascular  tumours  have  been  seen  on  the 
iccular  portion  also  (Blessig). 

Lymphangiedasis. — Alt  has  described  a  timaour  of  the 
■conjunctiva  bulbi,  consisting  of  irregular  canals  and 
ipaces  between  trabeculte  of  connective  tissue,  partially 
lined  with  endothelium  and  containing  serum. 

Dermoid  Ch'ovjths  near  the  cornea  resemble  fragments 
skin,  with  epidermis,  hairs,  sebaceous  glands, 
)aapill£e,  cutis  (with  dense  fibrous  bands  and  looser 
■connective  tissue),  blood-vessels,  nerves,  and  subcu- 
aaneous  fat  (Ryba). 

Papilloma. — Sczokalsky  has  described  a  tumour, 
ii,rising  from  the  limbus  conjunctiva3,  in  which  papillary 
processes,  composed  of  spindle-shaped  cells  and  con- 
aaining  blood-vessels,  were  covered  with  a  stratified 
'[pithelial  layer.  Alt  examined  a  growth,  in  which 
Ihere  were  epithelial  papillaa,  amongst  and  in  the  cells 
)lpf  which  lay  granules  of  pigment ;  at  some  places  cell 
iiests  were  present ;  and  there  were  also  fine  hairs  and 
.'(lands  on  the  surface. 
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Scrmcs  Cysts  with  thin  walls  are  found-  but  rarely  on 
the  conjunctiva  of  the  bulb  (Schon). 

Gysticerms  Cysts,  as  recorded  by  Sichel,  occur  under 
the  octilar  conjunctiva. 

Epithelioma  of  any  part  of  the  conjunctiva  has  the 
usual  histological  features  of  such  gi-owths ;  and,  when 
it  arises  from  the  limbus  conjunctivas,  the  neighbour- 
ing tissues  may  be  ultimately  involved.  The  cornea  is 
thus  affected  and  destroyed,  and  the  tumom-  spreads  to 
the  iris  and  other  structures  in  the  interior  of  the  eye- 
ball, or  the  epithelial  elements  gain  an  entrance  to  the 
globe  along  the  sheaths  of  the  vessels  passing  through 
the  sclerotic  (Alt). 

Carcinoma  of  the  palpebral  conjunctiva  has  been 

noted  by  Hirschberg. 

/S^arcoma.— Sarcomatous  tumours  of  the  conjunctiva 
are  commonly  pigmented  and  very  vascular.  ^  They 
may  start  from  minute  pigmented  spots.  Their  com- 
ponent cells  are  round,  spindle-shaped,  branched,  or 
mixed,  and  lie  among  the  fine  fibres  of  the  stroma. 
When  their  origin  is  in  the  limbus  conjunctivas, 
they  may  be  foimd  simply  overlapping  the  cornea,  or 
their  elements  may  have  invaded  this  tissue  and  the 
sclerotic. 
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CORNEA. 
I.  Normal  Structure. 

A  VERTICAL  section  of  the  cornea  shows  five  successive 
!  strata — viz.,  the  anterior  epitheliiim,  Bovraian's  mem- 

brane,  the  substantia  propria,  Descemet's  membrane, 
;  and  the  jDOsterior  epithelium.  The  btilk  of  the  section 
:  is  formed  of  the  transparent  proper  substance ;  the 
;  anterior  epithelium  is  conspicuous  and  of  gi-eater 
I  opacity ;  and  the  remaining  layers  are  comparatively 

thin. 

The  anterior  epithelium  is  stratified ;  and  has  exter- 
:  nally  two  or  three  layers  of  large  flattened  scales. 
Underneath  these,  in  the  middle  zone,  the  cells  are 
:  in-egularly  roundish  or  polygonal ;  and,  on  isolating 

■  them,  it  is  seen  that  the  lower  ones  have  hollows  on 

■  their  under  surface,  from  which  fine  marginal  processes 
,  and  delicate  wing-like  expansions  extend  between  the 
;  succeeding  cells.  In  the  underlying  deepest  row  the 
I  cells  are  cylindrical  or  columnar ;  and,  when  seen 
:  separately,  present  manifold  shapes,  sizes,  and  lengths. 
'  Then-  blunt  rounded  anterior  end  fits  into  one  of  the 

hollows  immediately  in  front,  and  their  flat  somewhat 
'  expanded  base  rests  upon  Bowman's  membrane,  the 
•  thickening  of  this  border  sometimes  giving  it  a  brighter 
appearance.    The  form  of  their  sides  is  modified  by 
their  close  arrangement;  and,  as  the  deeper  portion 
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may  he  slender,  the  cells  are  occasionally  club-sliaped. 
All  the  cells  have  a  nucleus ;  in  the  superficial  ones 
this  is  discoid,  in  the  intermediate  it  is  spherical,  and 
in  the  lowest  it  is  oval.  The  intercellular  cement- 
substance  is  demonstrated  by  staining  with  nitrate  of 
silver,  and  here  and  there  the  amount  may  be  con- 
siderable. 

JBoivman's  inemhrano  resembles  the  substantia  pro- 
pria, but  is  clearer,  less  fibrillated,  and  more  homo- 
geneous. It  is  not  sharply  demarcated  from  the  nest 
layers,  to  which  fibres  pass ;  but  it  is  destitute  of  cor- 
puscles. In  some  pathological  conditions  it  is  very 
distinct,  suggesting  an  even  greater  normal  diflFerentia- 
tion,  such  as  an  approach  to  the  character  of  the  pos- 
terior elastic  lamina. 

The  substantia  propria  is  made  up  of  delicate  white 
fibres  cemented  together  to  form  bundles,  these  again 
being  cemented  into  thin  sheets,  the  general  arrange- 
ment of  which  is  parallel  with  the  sm-face.  This  pro- 
per substance  of  the  cornea  is,  therefore,  modified  white 
fibrous  tissue.  When  fresh,  or  in  glycerine  preparations, 
sections  of  it  are  exceedingly  homogeneous  and  trans- 
parent ;  but,  after  macerating  the  cornea  in  various 
fluids,  the  component  fibres  can,  by  teasing,  be  demon- 
strated, running  in  all  directions  with  the  wavy  course 
of  such  fibrin^,  the  successive  layers  frequently  cross- 
ing one  another.  Though  the  structure  is  charac- 
teristically laminated,  the  lamellaa  are  not  entirely  dis- 
tinct from  each  other,  but  rather  intimately  connected 
by  numerous  bundles  passing  obliquely  between  them  ; 
and  in  the  anterior  portion,  towards  Bowman's  mem- 
brane, such  bundles  traverse  several  layers.    In  this 
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region  also  the  tissue  is  more  manifestly  fibrillated, 
the  lamellfe  are  less  distinct,  and  the  points  of  union 
are  more  abundant.     A  vertical  section  mounted  in 
'  glycerine  shows  bright  clear  strata  bound  together  by 
many  uniting  bands.    It  is  a  glassy  mass  with  cracks. 
The  spaces  or  lacuna  between  the  layers  appear  more 
or  less  fusiform  or  spindle-shaj)ed  in  vertical  sections, 
^but,  when  viewed  from  the  sm-face,  they  are  large  and 
branched.    Each  of  them  communicates  with  its  neigh- 
bours by  means  of  longer  lateral  and  shorter  vertical 
canals  (Eollett).    In   a   surface  view  of  specimens 
sstained  with  nitrate  of  silver,  these  spaces  form  irre- 
cgular  white  openings,  from  which  spread  channels  of 
ccommunication,  in  the  browned  or  darkened  ground- 
mork.     This  is  the  lymph-canalicular  system  of  the 
ccornea,  consisting  of  lymphatic  spaces  and  canals.  In 
tthe  spaces  lie  the  corneal  corpuscles,  flattened  cells 
with  a  large  somewhat  oval  nucleus,  their  shape  and 
aarrangement  apparently  agi-eeing  pretty  much  with 
rthose  of  the  lymphatic  system.     In  stained  vertical 
ssections  these  bodies  are  seen  in  profile  with  their 
[prominent  nuclei  in  the  spaces ;  but  their  processes  are 
mot  visible  in  ordinary  preparations.    They  are  thicker 
ait  some  parts  than  at  others,  or  at  one  end  than  at  the 
wther.    A  few  wandering  cells  or  leucocytes  occur  in 
:bhe  canals  and  lacunee,  and  are  readily  distinguished 
bby  their  round  nucleus.    Only  a  portion  of  the  spaces, 
iin  which  the  corpuscles  lie,  appears  to  be  occupied  by 
them ;  and,  according  to  Klein,  the  difference  in  size 
)3etween  the  lacunae  and  the  corpuscles  is  owing  to  the 
intra-nuclear  and  intra-cellular  networks  of  fibrils  taking 
m  the  dye,  while  the  hyaline  ground-plate  of  the  cell 
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remains  unstained  and  therefore  invisible.  In  surface 
views  it  is  often  difficult  to  determine  what  is  lacuna 
and  what  is  corpuscle;  and  the  centre  of  the  space 
may  contain  a  nucleated  mass,  of  irregular  outline  and 
not  corresponding  in  any  way  with  the  details  of  the 
cavity,  while  in  other  instances  the  whole  opening  may 
seem  filled  with  such  material. 

Bescevict's  mcnibrane  or  the  posterior  clastic  lamina  is 
thin,  bright,  and  homogeneous ;  and  in  sections  forms 
a  sharply  defined  clear  line.  In  some  cases  fine  longi- 
tudinal striae  suggest  a  fibrillated  structure.  It  is  in- 
timately united  with  the  adjacent  substantia  propria. 
Hassall  first  described  the  minute  prominences  or  warty 
hyaline  excrescences  found  occasionally  on  the  posterior 
surface  at  the  periphery,  especially  in  the  eyes  of  the 
aged. 

The  posterior  epithelium  is  a  single  layer  of  polygonal 
cells  with  round  or  slightly  oval  nuclei.  At  the  angles 
between  some  of  the  cells,  openings  or  pseudo-stomata 
are  sometimes  seen  in  silvered  preparations,  but  these 
may  be  artificial  productions. 

There  are  no  Uood-vessels  in  the  cornea,  except  in  the 
foetus,  when  a  network  of  capillaries  occurs  under  the 
anterior  epithelium  (MiiUer).  A  ring  of  vascular  loops 
surrounds  the  membrane  at  the  corneo-scleral  junction. 

There  is  an  abundant  supply  of  non-medullated  nerve 
fibres  in  the  laminated  substantia  propria,  the  larger 
nerves  lying  in  the  lymphatic  canals  and  being  covered 
by  a  layer  of  endothelium  (v.  Eecklinghausen).  Their 
distribution  can  be  satisfactorily  studied  in  specimens 
successfully  stained  with  chloride  of  gold ;  but  they 
are  quite  indistinguishable  in  ordinary  sections.  Many 
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observers  liave  described  tHe  arrangement  of  their 
branches  and  of  the  terminal  axis  cylinders  and 
fibrilla3,  the  accoimts  being  at  variance  in  some  points  ; 
but  the  following  statements  seem  to  be  established. 
There  is  a  posterior  supply  and  an  anterior  supply.  In 
the  former  they  have  a  comparatively  straight  course 
with  somewhat  rectangular  bends,  and  terminate  in  a 
deep  network  close  to  the  membrane  of  Descemet, 
through  which  fibres  pass  to  the  posterior  epithelium. 
In  the  superficial  supply  they  form  a  stroma-j)lexus  in 
the  anterior  part  of  the  substantia  propria,  and  per- 
forating branches  proceed  from  this  obliquely  through 
Bowman's  membrane  ;  these  then  form  a  sub-epithelial 
network,  from  which  fibrils  penetrate  between  the 
epithelial  cells  and  form  an  intra-epithelial  network 
(Hoyer,  Kolliker,  Oohnheim,  Waldeyer,  Klein). 

II.  Pathological  Conditions. 

Keratitis  or  Corneitis. — Inflammation  of  the  cornea 
is  indicated  by  the  presence  of  abnormal  numbers  of 
round  cells  throughout  the  tissue.  Much  discussion 
has  taken  place  regarding  the  source  of  these,  the 
debated  points  being  whether,  and  how  far,  they  owe 
their  origin  to  immigration  of  white  blood  corpuscles 
from  the  margin  with  subsequent  proliferation  of  these, 
or  to  proliferation  of  the  corneal  corpuscles  themselves, 
or  to  both  sources. 

The  corneal  corpuscles  may,  under  the  influence  of 
irritation,  be  the  seat  of  cloiidy  sivdling,  a  condition  due 
apparently  to  excess  of  nutrient  material  with  defec- 
tive assimilation  on  the  part  of  the  cells.    They  are 
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enlarged,  unduly  granular,  and  appear  somewliat  opaque 
in  tlie  distended  spaces.  Tliis  renders  the  affected 
region  cloudy,  and  no  otlier  changes  were  present  in  a 
case  described  by  Vircliow  as  parenchymatous  keratitis. 
This  condition,  which  has  the  characters  of  cedevia,  also 
occurs  along  with  evidences  of  inflammation. 

Histologically  several  forms  of  keratitis  can  be  dis- 
tinguished ;  but  they  fall  into  three,  partly  overlapping, 
groups.  These  are  infiltration,  suppuration,  and  ulcera- 
tion. 

Infiltration  of  the  Come«.— Bound  cells  lie  scattered 
singly,  in  twos  and  threes,  in  short  rows,  or  in  small 
collections,  in  the  interlamellar  canals  and  lacuna  at 
some  part  of  the  cornea,  generally  in   the  deeper 
portions.    Their  presence  in  the  more  superficial  layers 
may  be  accompanied  by  thickening  and  unevenness  of 
the  anterior  epithelium,  with  irregular  arrangement 
and  shape  of  the   component  cells.     In  specimens 
where  the  cornea  has  become  vascular,  by   a  new 
formation  of  vessels  in  continuity  with  those  at  the 
margin,  sections  of  blood-vessels  are  found  along  with 
the  round  cells.    At  first  these  have  exceedingly  deli- 
cate walls ;  and  clinical  observation  shows  that  they, 
and  also  the  inflammatory  infiltration,  may  entirely 
disappear.    In  a  later  stage  of  development,  however, 
their  walls  are  well  marked  and  fibrous,  and  theii"  lumen 
is  lined  by  flattened  endothelial  cells  with  large  oval 
nuclei.    This  is  the  condition  presented  in  cases  of 
longer  standing,  in  which  the  interstitial  infiltration 
has  been  followed  by  organization,  producing  corneal 
opacity.    Infiltration  is  found  at  the  margin  of  a  spot 
where  there  is  suppuration. 
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Pannus. — In  the  superficial  vascularity  of  tlie  cornea, 
\Yliicli  is  known  clinically  as  pannus,  tliere  is  an  infil- 
tration of  round  cells  beneatli  tlie  anterior  epithelium, 
forming  a  layer  of  variable  thickness,  in  the  midst  of 
which  are  seen  portions  and  sections  of  blood-vessels. 
Lapse  of  time  often  leads  to  replacement  of  this  to  a 
large  extent  by  a  fibro-cellular  or  fibrous  tissue,  in  which 
there  are  well-developed  vessels. 

S^q}]puration  of  the  Cornea  is  characterized  by  the 
abimdance  and  degeneration  of  the  round  cells  together 
with  destruction  of  the  corneal  tissue.  Diffuse pundent 
keratitis  may  lead  to  destruction  of  the  whole  membrane 
or  the  greater  part  of  it.  A  circumscribed  suppuration 
forms  a  corneal  aiscess,  which  is  superficial  or  deep,  and 
involves  a  small  or  a  large  area.  Locally  nothing  can 
be  made  out  but  an  opaque  mass  of  pus  cells  replacing 
the  normal  structures,  with  some  coagulated  fibrine 
and  gTanular  debris  of  the  corneal  tissue ;  the  centre 
may  have  imdergone  degeneration,  and  possess  few 
formed  elements  or  none  at  all.  The  surrounding 
portions  of  the  cornea  are  infiltrated,  and  may  be 
vascular ;  and,  if  the  tissues  in  front  have  been 
destroyed,  and  the  abscess  burst  externally,  the  histo- 
logical characters  ^Dresent  are  those  of  an  ulcer.  An 
abscess  which  has  healed  leaves  its  mark,  and  in  such 
sections  its  former  position  is  occupied  by  cicatricial 
tissue.  Alt  has  described  an  abscess  which  healed 
without  complete  absorption  and  left  a  cyst  in  the 
cicatrix. 

Ulceration  of  the  Cornea. — The  appearances  vary  in 
the  difierent  stages  of  a  corneal  ulcer.  In  the  earlier 
ones  there  is  at  some  spot  a  portion  of  the  anterior 
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layers  wanting,  and  the  floor  and  edges  of  the  gap  are 
covered  with  molecular  detritus  resting  upon  a  zone  of 
more  or  less  dense  infiltration,  while  portions  of  blood- 
vessels may  be  found  in  the  neighbourhood.  At  a  later 
stage  there  is  no  deficiency,  but  in  its  place  there  is  a 
formation  of  cicatricial  tissue  with  cells,  the  interlacing 
.fibres,  though  more  or  less  parallel  with  the  surface, 
having  none  of  the  regular  distribution  or  striking 
transparency  of  the  corneal  lamella.    BoAvman's  mem- 
brane is  absent  over  the  spot,  but  its  edge  may  extend 
for  a  short  distance  into  the  cicatricial  mass.    There  is 
a  covering  over  the  cicatrix  of  stratified  epithelium, 
which  has  grown  in  from  the  edges,  but  the  posterior 
boundary  line  is  uneven,  nor  do  the  cells  present  so 
orderly  an  arrangement  as  those  which  they  have 
replaced.   The  surface  of  the  cornea  sometimes  deviates 
locally  from  the  normal  contour. 

Kcratoccle.—li  an  ulcer  involves  almost  the  entire 
thickness  of  the  cornea,  and  the  membrane  of  Descemet 
bulges  forwards  through  this  opening,  the  condition 
called  keratocele,  or  hernia  of  Descemet's  membrane,  is 
present. 

Phlydemdar  Keratitis.— hi  the  early  stage  there  is  a 
minute  sub-epithelial  collection  of  round  cells,  which, 
according  to  Iwanoff",  is  situated  at  the  end  of  a  nerve. 
There  may  be  local  destruction  of  Bowman's  membrane, 
or  the  infiltration  may  extend  even  slightly  deeper.  At 
a  later  stage  the  conditions  of  an  ulcer  are  found. 

Descemetitis. — In  this  form  of  inflammation,  which  is 
also  called  keratitis  punctata  and  aquo-capsiditis,  little 
groups  of  round  cells  are  found  on  the  posterior  surface 
of  the  cornea  with  altered  epithelial  cells.    Sections  of 
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(.other  parts  of  tlie  eye  show  serous  iritis,  irido-cyclitis, 
^  or  irido-choroicTitis.  The  posterior  corneal  epithelium 
may  proliferate,  and  yield  round  cells ;  and,  judging 
from  the  various  conditions  found  side  by  side  in 
fortunate  preparations,  the  stages  seem  to  be  as 
follows  : — First  the  nucleus  divides  and  then  the  cell  by 
a  median  constriction ;  this  constriction  elongates,  so 
that  a  new  pyriform  cell  is  formed,  attached  by  a  thin 
pedicle  to  its  place  of  origin ;  the  pedicle  breaks,  and  a 
new,  nucleated,  large,  round  cell  is  set  free. 

Hypopyon. — Pus  is  sometimes  found  in  the  anterior 
chamber  in  connection  with  inflammation  of  the  cornea, 
especially  in  cases  of  ulcer  and  abscess ;  and  also  occurs 
'here  in  iritis  or  cyclitis.    The  cells  may  apparently 
have  several  sources ;  they  are  said  to  pass  along  the 
corneal  canals  from  an  inflamed  part  and  through  the 
-spaces  of  Fontana  into  the  aqueous  humour,  or  a  corneal 
abscess  may  bm-st  into  the  anterior  chamber,  or  possibly, 
according  to  Stromeyer,  they  may  come  from  Schlemm's 
ccanal.    Another  som-ce  is  found  in  an  inflamed  iris  or 
cciliary  body,  and  the  pus  cells  are  then  embedded  in  a 
(comparatively  large  amount  of  fibrine.  Proliferation 
cof  the  posterior  corneal  epithelium  may  produce  large, 
iTOund,  granular  cells. 

Opacity  of  the  Cornea. — When  this  is  slight,  it  is 
ccalled  nebula;  vvhen  dense,  it  is  known  as  leucoma. 
.After  various  forms  of  inflammation,  the  aficcted  portion 
cof  the  cornea  is  left  with  areas  of  opacity  of  larger  or 
•^smaller  extent,  and  this  is  owing  to  the  substitution  for 
tthe  normal  structure  of  fibrous  or  cicatricial  tissue  of 
wariable  density  and  opacity.  Originally  rich  in  cells, 
;it  has  ultimately  only  a  meagre  supply ;  and,  while  in 
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some  cases  many  blood-vessels  are  present  in  others  ^ 
tW  are  few  in  number,  or  there  are  none  at  all.    ihe  H 
former  situation  of  deep-seated  vessels  .s  sometnnes  ^ 
indicated  by  denser  bands  and  cords  of  fibres     A  con- 
Sderable,  or  even  the  entire,  thickness  of  the  cornea  | 
may  be  involved,  or  only  a  few  lamella,  near  the  ante- 
rior surface  or  further  back,  may  show  any  alteration. 
At  a  spot  where  an  abscess  or  an  ulcer  previously 
existed,  healing  always  results  in  a  local  opacity  ;  an 
infiltration  of  the  margin  of  the  cornea  frequently  leads 
to  a  similar  change,  which  may  extend  between  the 
adiacent  lamella  for  a  short  distance;  and  a  long- 
continued  widespread  inflammation  sometimes  leaves 
the  whole  cornea  opaque.    The  depth  and  area  affected 
may  thus  be  very  considerable  and  the  change  most 
manifest;  or,  on  the  other  hand,  the  dimness  may  be 
limited  and  quite  inconspicuous.    The  anterior  epi- 
thelium is  often  markedly  thickened  and  u-regular  m 
depth;  and  patches  with  fatty  molecules,  calcareous 
deposit,  or  masses  of  clear  highly  refractive  material, 
are  occasionally  present  among  the  fibrous  tissue  or  m 
the  epithelium.  Pannose  tissue  of  some  standmg  occui'S 
in  some  cases,  and  then  Bowman's  membrane  may  be 
much  broken  up  or  even  indistinguishable. 

Wound  of  the  Cornea.-Sections  of  a  recent  pene- 
trating wound  of  the  cornea  show  an  opening  filled 
with  inflammatory  exudation,  composed  of  round  cells 
cemented  together  by  fibrine.  The  quantity  corresponds 
of  course,  with  the  width  of  the  wound  :  little  more  than 
a  film  marks  a  narrow  fissm-e  ;  a  considerable  mass 
plugs  a  large  gap.  Wounds  passing  obliquely  through 
the  membrane  have,  it  would  appear,  their  sides  more 
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cslosely  approximated,  while  vertical  incisions  seem  more 
lliable  to  gape.  The  edges  are  infiltrated  with,  round 
ccells  ;  and  the  distance  to  which  this  condition  extends 
waries  very  much.  In  instances  where  it  is  small,  the 
margins  of  the  wound  are  sharply  defined,  and  this  is 
ccommonly  the  case  ;  but,  when  the  infiltration  is  more 
vwidely  spread,  the  clear  corneal  substance  shades  off 
figradually  into  the  opaque  exudation.  A  similar  dis- 
ssimilarity  is  observed  in  the  ultimate  cicatrices  of 
wounds  which  have  healed.  A  noticeable  and  very 
ffrequent  feature,  especially  in  wounds  of  some  width,  is 
;\a  local  thickening  of  the  cornea  round  the  opening, 
tthere  being  a  gradual  increase  in  thickness  from  the 
ssurrounding  normal  part  to  the  margin  of  the  inter- 
rruption,  and  this  arises  from  the  spreading  ou.t  or 
'loosening  of  the  lamellEe,  whose  arrangement  in  vertical 
ssections  is  rather  fan-like,  while  the  divided  edges  of 
tthe  individual  laminee  are  rounded  off.  Bowman's  mem- 
Ibrane  may  bend  into  the  wound. 

Where  healing  is  in  progress,  the  place  of  the  exuda- 
ition  is  partly  taken  up  by  newly  formed,  more  or  less 
wascular,  spindle-celled  and  fibrous  tissue,  with  an 
(extension  of  the  anterior  epithelium  spread  over  it, 
ssuch  an  epithelial  layer  sometimes  dipping  into  the 
^•wound  and  occupying  a  considerable  extent  of  its 
; thickness.  Where  healing  is  complete,  the  site  of  the 
iinjury  is  readily  distinguished  by  the  finely  fibrous 
cicatrix,  which  at  first  is  a  very  delicate  tissue  and  has 
many  cells,  but  afterwards  becomes  more  dense  and 
rcontains  fewer  cells.  It  is  then  permanent,  and  many 
}years  afterwards  forms  a  conspicuously  opaque  line  or 
aarea,  with  bundles  of  fibres  running  in  all  directions, 

D 


f 

34  CORNEA. 

mingled  with  patent  or  obliterated  iDlood-vessels.  The 
corneal  layers  at  the  edges  of  the  cicatrix  are  sometimes 
cm-ved  backwards ;  and  pigmentation  may  occm-  from 
a  deposit  of  blood-colouring  matter  as  dark  particles 
about  a  wound  with  hasmorrhage. 

Neither  the  membrane  of  Bowman  nor  that  of  Des- 
cemet  is  ever  restored  when  wounded  or  perforated, 
and  they  are  therefore  absent  at  the  cicatrix ;  but  the 
latter  of  them  is  often  detached  for  a  short  distance, 
and  a  portion  of  it  lies  confusedly  rolled  or  folded  up 
in  the  adjacent  new  tissue,  or  it  is  simply  bent  back- 
wards or  forwards,  with  a  cleanly  cut  termination. 

There  is  commonly  some  alteration  of  the  normal 
thickness  of  the  cornea  at  the  cicatrized  spot,  which  may 
either  measure  more  from  before  backwards  than  the 
neighbouring  iminjured  parts,  or  be  somewhat  thinner 
than  them.  The  reduction  in  thickness  is  in  some  cases 
very  considerable  indeed,  a  comparatively  thin  bridge 
of  fibrous  tissue  spanning  the  distance  between  the 
divided  margins  ;  and  occasionally  a  cicatrix  about  the 
periphery  of  the  cornea  is  found  distended  outwards 
and  rendered  cystoid,  forming  a  vesicle  filled  with  fluid 
and  communicating  with  the  aqueous  chamber  by  a 
channel  in  the  situation  of  the  original  opening. 

If  the  lens  has  been  involved  in  the  wound  and  its 
integrity  impaired,  some  of  the  curled-up  capsule  is  veiy 
often  embedded  in  the  ultimate  cicatrix  or  in  similar 
material  immediately  behind  that  part  of  the  cornea. 

In  cases  of  corneal  wound,  which  have  been  followed 
by  suppuration,  sections  from  an  eye  removed  in  the 
stage  of  acute  inflammation  exhibit  all  the  details  of 
purulent  keratitis. 
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Perforation  of  Cornea  and  Prolapse  of  Iris. — Tlie 
icomea  may  be  perforated  by  ulceration  or  by  a  pene- 
iTating  wound  ;  and,  more  especially  if  this  happens 
cowards  the  margin,  a  common  consequence  is  the  pro- 
aapse  of  the  neighbouring  portion  of  the  iris  through 
lie  opening,  with  subsequent  incarceration.  In  sections 

such  a  case  various  traces  of  the  tissue  of  the  iris  are 
inextricably  mingled  with  the  inflammatory  exudation 
in'  with  the  resulting  cicatrix.  The  most  prominent  of 
these  are  portions  of  the  uveal  pigment,  as  scattered 
)iigmented  cells,  free  particles,  or  clumps  of  various 
Lizes.  Blood-jjigment,  from  haemorrhage  at  the  time 
)tif  injmy,  is  also  found  in  the  form  of  reddish-brown 
[granules  or  clusters  of  different  kinds.  Little  cystic 
i2)aces  occasionally  occur  in  some  part  of  the  cicatrix, 
mth  cellular,  molecular,  pigmented,  or  fibrinous  con- 
eents  ;  and  examples  of  an  unclosed  opening  through 
bhe  cornea  of  some  standing  have  been  seen,  constituting 
iistula  cornew. 

Synechia  Anterior.— This  is  technically  the  name  of 
iiu  adhesion  of  a  portion  of  the  iris  to  some  part  of  the 
cornea  or  to  a  corneal  cicatrix  ;  but  similar  adhesion 
uaay  also  occm-  between  the  cornea  and  the  lens,  or, 
m.  the  absence  of  the  latter,  between  the  cornea  and 
Ihe  vitreous.  It  may  arise,  for  example,  after  a  pene- 
rrating  wound  of  the  cornea  or  as  one  of  the  results 
:tf  perforation  by  an  ulcer  ;  or  continued  pressm-e  from 
)oehind  may  drive  the  iris  forward  against  the  cornea, 
until  jorolonged  contact  is  followed  by  adhesion.  In 
come  instances  of  traumatic  or  inflammatory  origin, 
Ihe  portion  of  the  iris  lies  flat  against  the  opposing 
taart  of  the  cornea ;  in  others  it  is  fixed  only  at  the 
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cicatrix  or  even  in  the  actual  perforation,  and  in  such 
circumstances  the  real  point  of  firm  union  is  at  or  near 
the  opening  in  the'  cornea,  and  by  means  of  some 
inflammatory  exudation.    In  other  circumstances  the 
nature  of  the  substance,  which  binds  the  membranes 
together,  is  exceedingly  difficult  to  determine  ;  or,  even 
when  the  adjacent  siirfaces  are  united  over  a  consider- 
able area,  not  a  film  of  interposed  material  can  be 
defined  in  sections.  In  the  majority  of  cases  Descemet's 
membrane  is  av  anting  at  the  place  of  union,  and  its 
margin  is  folded  or  bent.    The  iris  may  be  to  some 
extent  atrophied  or  destroyed  ;  and  its  pigment  occa- 
sionally spreads  into  the  cornea,  the  particles  passing 
into,  and  lodging  in,  the  neighbom-ing  corneal  canals 
and  corpuscles,  so  that  the  transparent  tissue  is  so  far 
obscured  by  the  dark  dots.    Cystic  cavities  are  now 
and  then  found  between  the  cornea  and  the  iris  at 
some  place,  containing  coagulated,  rather  granular, 
amorphous  substance ;    and  the  iris  is  then  locally 
atrophied  and  thinned  by  stretching. 

Where  the  capsule  of  the  lens  is  adherent  to  the 
cornea,  the  union  is  effected  by  inflammatory  material ; 
and  adhesion  between  the  cornea  and  the  vitreous 
occurs  only  when  the  latter  is  at  least  locally  replaced 
by  the  products  of  inflammation. 

Staphyloma  of  the  Cornea. — A  staphylomatous 
bulging  outwards  of  the  cornea  is  either  partial,  as,  for 
example,  when  it  is  limited  to  the  site  of  a  cicatrix,  or 
it  is  "  total,"  in  which  case  an  opaque  cornea  is  largely 
and  more  or  less  completely  involved.  Great  altera- 
tions are  found  in  the  cornea  and  the  iris.  At  the 
margin  the  transparent  corneal  tissue  ceases  suddenly, 
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cor  passes  gradually  into  the  neighbouring  cicatricial 
ttissue  of  the  protrusion  ;  and  at  this  point  the  continuity 
cof  Descemet's  membrane  is  interrupted,  and  the  iris  is 
aadherent  to  the  cornea.  In  the  area  of  the  staphyloma 
iitself  there  is  either  atrophy  and  thinning  of  the  tunic, 
cor,  as  seems  to  be  frequently  the  case,  there  is  great 
tthickening,  or  again  at  one  part  the  thickness  is  much 
n-educed,  while  at  another  it  is  considerably  increased. 
TThe  tissue  replacing  the  substantia  propria  is  opaque 
aand  fibrous,  though  often  retaining  an  indication  of 
tthe  normal  lamellee  to  some  extent ;  it  contains  blood- 
wessels  and  collections  of  round  cells,  with  occasional 
cclusters  or  scattered  particles  of  pigTuent  in  the  deeper 
IJayers.  In  front  the  anterior  epithelium  is  unequally 
t  thickened  and  it-regular,  its  posterior  boundary  line  in 
ssections  being  undulating  and  dentated  from  the  pre- 
ssence  of  small  extensions  directed  backwards.  Bow- 
man's membrane  is  absent ;  and  along  the  posterior 
tborder,  which  is  usually  rough,  uneven,  and  almost 
rragged  at  some  places,  no  membrane  of  Descemet  can  be 
flistinguished,  except  perhaps  about  the  margin,  where 
ffragments  may  be  discovered.  The  adherent  portion 
ODf  the  iris  is  atrophied,  or  almost  entirely  destroyed,  so 
fthat  the  only  evidence  of  its  former  presence  may  be  a 
ffragmentaiy  line  of  pigment ;  and,  although  these  ex- 
ttreme  changes  are  limited  to  the  staphylomatous  area, 
ODver  which  the  adhesion  has  been  close  and  intimate  in 
^:he  absence  of  Descemet's  membrane,  some  degi-ee  of 
iitrophy  may  also  be  seen  in  the  non-adherent  portion 
»f  the  iris.  The  anterior  chamber  is  necessarily  en- 
[•3roached  upon,  and  either  locally  or  completely  oblite- 
rrated  ;  and  the  lens  is  displaced  forwards  or  detached. 


38 


COENEA.. 


Thickening  of  the  Cornea, — Besides  the  thickenings 
which  occurs  as  a  collar  round  a  wide  wound,  and  that 
which  is  seen  in  cases  of  staphyloma  comese,  the 
measurement  from  before  backwards  of  the  cornea  as 
a  whole  is  now  and  then  found  enlarged.  This  may- 
happen  where  the  eyeball  has  undergone  partial 
shrinking,  and  the  cornea  is  no  longer  stretched  over 
so  large  an  expanse  as  formerly. 

Atrophy  and  Thinning  of  the  Cornea. — The  entire 
cornea  or  some  portion  of  it,  in  the  affection  known 
clinically  as  conical  cornea  and  keratoconus,  is  bulged 
forwards  and  reduced  in  thickness;   and  a  similar 
uniform  but  local  thinning  of  the  tissue  by  stretching 
occurs  in  some  cases  of  corneal  staphyloma.  Besides 
these  conditions,  however,  a  form  of  atrophy  in  shrunken 
stumps  of  eyeballs  produces  great  wasting  of  the  cornea, 
which  is  reduced  to  very  small  dimensions,  sections  of 
it  showing  a  wrinkled,  contracted,  and  distorted  mass, 
in  which  the  lamellae  no  longer  have  their  regular 
arrangement,  and  the  lacmias  are  greatly  altered  m 
shape  and  size,  appearing  as  diminutive  or  exaggerated 
openings  of  irregular  outline  with  a  confused  distribu- 
tion.   A  layer  of  loose  connective  tissue  may  be  inter- 
posed between  this  and  the  ex-ternal  epithelium.  In 
contracted  stumps  of  eyeballs,  after  perforation  of  the 
cornea,  the  situation  of  the  opening  is  occupied  by 
fibrous  tissue,  sometimes  bearing  a  resemblance  to  the 
substantia  propria,  behind  a  layer  of  looser  connective 
tissue. 

Arcus  Senilis. — In  this  opaque  condition  of  the 
corneal  margin,  most  frequently  accompanying  old 
age,  there  is  fatty  degeneration  of  the  corpuscles 
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(of  the  cornea,  and  some  gi-annles  lie  among  tlie  fibres 
((Canton). 

Tumours  of  the  Cornea. — The  following  tumours 
sseem  to  have  started  rather  from  the  limbus  con- 
jjunctiyte  than  from  the  coi-nea,  and  they  are  perhaps 
]  properly  described  in  connection  with  the  former  struc- 
ttm-e : — 

Gramdomctj  composed  of  round  cells  (Pagenstecher 
and  Genth);  dermoid  groivtlis  (Ryba);  cinthelioma 
(Seitz) ;  sarcoma. 
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SCLEEOTIC. 

I.  Normal  Structure. 

The  sclerotic,  the  external  tunic  of  tlie  eyeball,  is 
thinner  towards  the  front  than  at  the  fundus,  and  is 
composed  of  a  dense  felt-work  of  white  fibrous  tissue, 
mingled  with  some  fine  elastic  fibres.    These  elements, 
united  together  by  cement-substance,  are  in  bundles, 
which  interlace  in  all  directions,  but  maintain  chiefly 
either  a  meridianal  or  an  equatorial  com-se,  in  badly 
defined  layers,  and  the  membrane  is  thus  more  or  less 
laminated.     Some  bundles  run  circularly  round  the 
entrance  of  the  optic  nerve,  where  the  sheaths  of  the 
nerve  join  the  sclerotic ;  and  another  set  of  annular 
bundles  forms  a  ring  in  the  inner  scleral  layers  close 
to  the  cornea.  In  vertical  sections  of  the  corneo-scleral 
junction  these  annular  bundles  are  seen  cut  across,  and 
constitute  a  very  distinct  portion  immediately  outside 
and  behind  the  ligamentum  pectinatum ;  the  most 
perfectly  circular  course  of  the  bundles  is  just  behind 
the  canal  of  Schlemm,  and  the  fasciculi  fm-ther  back- 
wards take  a  more  and  more  oblique  direction,  until, 
opposite  about  the  middle  of  the  ciliary  body,  they  can 
no  longer  be  distinguished  from  the  other  layers.  If 
the  insertion  of  the  tendon  of  any  of  the  ocular  muscles 
is  present  in  a  section,  the  fibres  are  seen  to  pene- 
trate the  outer  surface  for  a  short  distance  at  an  acute 
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angle,  and  tlien  mix  insensibly  with  the  surrounding 
tissue. 

The  appearance  of  sections  mounted  in  glycerine 
corresponds  with  that  of  similar  tissue  elsewhere,  as, 
for  instance,  in  sections  of  a  tendon,  and  varies  greatly 
in  different  cases  according  to  the  action  of  the  harden- 
ing agent  employed,  the  direction  in  which  the  fibres 
happen  to  be  cut,  and  the  thickness  of  the  portion  exa- 
mined. The  bundles  are  sometimes  plainly  composed 
of  fibrillfe,  in  other  preparations  they  are  quite  homo- 
geneous. When  they  are  cut  at  right  angles,  the  part 
has  the  characters  of  a  transverse  section  of  tendon, 
with  a  clear  glassy  mass,  broken  up  by  irregular  open- 
ings and  cracks  between  the  bundles,  and  occasionally 
dotted  by  the  ends  of  the  fibrillte  ;  when  they  are  cut 
obliquely,  this  granular  look  is  at  times  more  marked  ; 
and,  when  they  are  cut  longitudinally,  the  course  of  the 
fibres  may  be  quite  distinct.  The  thinner  the  section 
I  the  more  homogeneous  does  it  seem,  and  the  less 
I  distinguishable  are  the  component  fibrillee. 

In  sections  stained  with  logwood  and  mounted  in 
I  dammar  numerous  corpuscles  are  brought  into  view, 
:  similar  in  appearance  to  those  of  the  cornea.  Seen 
1  from  the  side  in  such  jireparations,  they  seem  spindle- 
!  shaped,  and  the  nucleus  may  be  elongated,  though  it  is 
'  Oval  or  somewhat  round,  when  seen  from  the  surface. 
'The  cells  occasionally  lie  in  pairs,  with  the  nuclei  in 
ithe  adjacent  ends.  They  are  said  to  resemble  corneal 
(corpuscles  with  short  processes,  and  to  occupy  similar 
i-spaces.  A  few  of  them,  which  lie  in  the  inner  layers, 
I  may  contain  particles  of  pigment,  and  such  pigmented 
(branched  corpuscles,  when  present  at  all,  are  found 
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most  frequently  and  abtmdantly  alDont  the  entrance  of 
tlie  optic  nerve,  and  also  near  the  corneo-scleral  junc-  . 
tion.    Some  wandering  cells  or  leucocytes  occur  here  j 
and  there. 

Silvered  preparations  of  the  sclerotic  show  a  system 
of  lymphatic  spaces  and  canals  with  an  epithelioid 
lining,  recalling  the  familiar  arrangement  in  the  central 
tendon  of  the  diaphragm  of  animals,  and  the  blood- 
vessels are  surroimded  by  a  lymphatic  sheath. 

Most  of  the  blood-vessels  found  in  the  sclerotic  are 
those  which  are  penetrating  obliquely  to  the  deeper 
structures,  and  which  give  off  a  few  small  branches 
in  their  passage.  Large  ciliary  nerves  and  vessels  often 
pass  through  together,  and  theii-  connective-tissue 
sheath  is  prominent,  while  occasionally  its  branched 
corpuscles  are  conspicuous  owing  to  the  rich  supply  of 
pigment  in  them. 

The  outer  surface  is  covered  with  looser  episcleral 
connective  tissue,  continuous  with  the  conjunctiva  in 
front,  and  this  again  is  covered  by  a  layer  of  epithelioid 
cells,  which  lines  the  inner  sm-face  of  the  lymphatic 
space,  surroimding  the  greater  part  of  the  eyeball,  and 
lying  inside  the  loose  fibrous  tissue  knoAvn  as  the- 
capsiole  of  Tenon. 

The  inner  surface  is  lined  by  some  delicate  connec- 
tive tissue  and  elastic  fibres  with  branched  pigmented 
cells,  the  shade  of  pigTuent  in  which  varies  from  a  light 
to  a  very  dark  brown,  the  cells  themselves  being  of  all 
sorts  of  shapes  and  sizes,  some  of  them  large  and  others 
small  with  thinner  though  longer  processes.  This  is 
the  lamina  fusca,  and  its  internal  surface  is  apparently 
covered  with  a  layer  of  epithelioid  cells,  such  as  is 
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readily  demonstrated  in  tlie  albino  rabbit  by  staining 
with  silver.  It  forms  the  outer  wall  of  the  pericho- 
roidal lymphatic  space,  the  opposite  wall  of  which  is  a 
similar  membrane  immediately  outside  the  choroid,  the 
lamina  suprachoroidea.  The  perichoroidal  space  com- 
municates with  that  enclosed  by  Tenon's  capsule  by 
means  of  the  lymphatic  sheaths  of  the  blood-vessels, 
as  they  pass  through  the  sclerotic  (Schwalbe),  and  is 
traversed  by  the  ciliary  vessels  and  nerves  and  some 
fibres. 

II.  Pathological  Conditions. 

Sclerotitis. — Inflammation  of  the  sclerotic  is  almost 
always  secondary  to  a  similar  condition  in  some  neigh- 
bouring jDart,  and  the  outer  or  inner  layers  are  more 
particularly  affected  according  to  the  locality  from 
which  the  inflammation  has  spread.  There  may  be 
either  an  inflammatory  infiltration,  when  leucocytes 
occur  in  little  collections  among  the  somewhat  loosened 
fibres  and  bundles,  especially  about  the  blood-vessels  ; 
or  there  may  be  a  jJiLndcnt  inflammation,  in  which  case 
the  normal  tissue  is  locally  destroyed,  and  its  place 
densely  packed  with  round  cells.  The  pus  may  find 
its  way  through  the  choroid  and  retina  into  the  vitreous, 
or  the  starting-point  may  be  in  the  choroid,  and  the 
suppuration  extend  outwards  and  inwards  from  that 
layer ;  and,  if  a  specimen  is  examined  from  a  case  in 
which  such  a  state  of  matters  has  ended  in  healing,  the 
spot  is  occupied  by  cicatricial  tissue,  uniting  the  mem- 
branes. 

Wound  of  the  Sclerotic. — A  wound  of  the  sclerotic 
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wHch  has  healed  leaves  an  easily  recognized  cicatrix. 
The  newly  formed  fibres  run  from  without  inwards 
more  or  less  at  right  angles  to  the  direction  of  the 
normal  scleral  layers.  If  the  choroid  is  involved,  there 
may  be  pigment  in  the  cicatrix,  and  this  is  generally 
in  the  form  of  scattered  dark  particles.  If  the  retina 
also  has  been  injured,  its  structure  is  replaced  locally 
by  the  fibrous  tissue  joining  the  sclerotic,  choroid,  and 
retina. 

Thickening  of  the  Sclerotic— As  a  result  of  long- 
continued  sclerotitis  the  thickness  of  the  membrane  is 
sometimes  considerably  increased.  In  shrunken  eye- 
balls, where  extensive  changes  have  occurred  inside  the 
globe,  and  the  sclerotic  no  longer  encloses  so  large  a 
cavity  as  formerly,  this  tunic  is  often  found  gi-eatly 
thickened  ;  and  towards  its  inner  aspect  there  are  bends 
and  folds,  while  the  course  of  the  fibres,  following  for 
the  most  part  this  altered  contour,  is  exceedingly  wavy. 

Atrophy  and  Thinning  of  the  Sclerotic— Another 
result  of  chronic  inflammation,  or  of  prolonged  increase 
in  the  tension  of  the  globe,  or  of  obscure  degenerative 
and  weakening  changes,  is  atrophy  of  the  sclerotic  with 
bulging  outwards.    Pathological  conditions  with  thm- 
ning  are  always  present  in  the  uveal  tract  as  well,  so 
that  the  process  is  perhaps  rather  a  sclero-choroiditis, 
and  the  choroid  is  united  to  the  sclerotic  at  the  pro- 
truding part,  constituting  staphyloma  scleras.    Here  the 
retina  also  is  adherent,  bulged,  and  atrophied ;  or  it 
remains  free  and  passes  across  the  protrusion  unafi'ected  ; 
or  its  outer  layers  are  oedematous,  and  their  swelling 
fills  the   space;    or    finally   inflammatory  material 
occupies  the   interval   between  the  retina  and  the 
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cclioroid.  80  far  as  the  sclerotic  is  concerned,  the  only 
I  change  is  stretching  with  reduction  in  thickness.  The 
;most  important  of  such  alterations  is  staphyloma  pos- 
rterior,  which  is  considered  among  the  diseases  of  the 
I  choroid. 

Calcareous  Deposit  in  the  Sclerotic. — A  deposit  of 
(Calcareous  material  is  now  and  then  found  in  the 
s sclerotic  of  old  people  and  also  in  cases  of  atrophied 
teyeballs. 

Tumours  of  the  Sclerotic  : — 

Fibroma. — A  fibrous  tumour,  in  which  many  cells 

were  present,  has  been  described  by  Saemisch. 
Osteoma. — A  small  plate  of  bone  was  found  on  the 
outside  of  the  sclerotic,  between  the  superior 
rectus  and  internal  rectus  muscles,  by  Watson. 
Cysts  have  been  observed  in  the  sclerotic  by  Hasner. 
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IRIS. 

I  Normal  Structure. 

When  the  posterior  pigment  layer  is  bruslied  off,  and 
the  anterior  surface  of  the  iris  is  viewed  with  a  low 
power,  the  general  arrangement  of  its  superficial  part 
can  be  observed,  and  occasionally  even  deeper  layers 
also.    In  some  cases  or  at  some  places  the  opacity  of 
the  object  may  be  so  great  as  to  forbid  satisfactory 
examination,  but  in  other  instances  or  at  other  parts 
the  tissue  may  be  much  more  clear,  and  its  natm-e 
render  observation  easy.   In  such  circumstances  a  dark 
ring  surrounds  the  pupil,  indicating  the  position  of  the 
sphincter  pupiUae  muscle.    Cords  and  bundles  of  the 
stroma  pass  from  this  at  different  depths  in  a  radiatmg 
fashion  to  the  periphery  or  root  of  the  iris,  and  closer 
investigation  reveals  some  of  these  bundles  starting 
from  the  edge  of  the  pupil,  and  running  in  front  of  the 
sphincter.    They  are  of  various  thicknesses,  and  divide 
and  unite  frequently  ;  and  the  intervening  spaces  or 
depressions,  which  differ  much  in  size  and  depth,  are 
more  or  less  circular,  or  oval,  or  lozenge-shaped,  or 
quite  irregular.    They  are  shorter  and  wider  when 
dilatation  of  the  pupil  has  left  the  iris  somewhat 
narrow,  and  more  elongated  when  contraction  of  the 
pupil  has  left  the  iris  rather  broad  with  closer  approxi- 
mation of  the  bundles.    Their  distribution  is  generally 
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Ilooser  and  more  divergent  towards  tlie  pupil,  and  more 
mniformly  dense  and  parallel  about  tlie  periphery.  The 
imeshes  are  large  and  subdivided  in  some  eyes,  while 
iin  others  the  ridges  and  cords  are  rather  regularly 
rradiating.  The  sm-face  is  thus  exceedingly  rough,  with 
mumerous  hollows  and  furrows  between  the  elevations. 
At  a  greater  depth  the  blood-vessels,  the  walls  of  which 
aire  thick  considering  the  size  of  their  lumen,  form 
diense  bands  with  a  wavy  and  undulating  radial  course, 
dilividing  and  anastomosing  near  the  pupil. 

The  shape  of  meridianal  sections,  extending  from  the 
ipupil  outwards,  presents  some  features  which  are  pretty 
constant.  The  pupillary  edge  is  thinnest  at  its  posterior 
bDorder,  and  from  this  the  outline  passes  obliquely,  and 
^Either  fairly  straight  or  with  a  slight  convexity,  towards 
the  anterior  surface,  which  does  not  come  so  near  the 
Dupil  as  the  posterior  one,  ceasing  rather  at  a  little 
distance  from  it.    The  sloping  portion  then  joins  the 
[interior  surface  at  an  angle,  which  is  rounded  oij",  so  that 
01  many  cases  the  two  pass  insensibly  into  one  another  ; 
imd  it  is  at  this  point  that  the  iris  attains  its  greatest 
thickness.    The  anterior  boundary  line  is  very  uneven 
ivwing  to  the  irregularities  already  described.  Towards 
Uie  ciliary  border  there  is  a  series  of  large,  prominent, 
counded  elevations,  varying  in  number  from  two  or 
lihree  to  about  six ;  and  these  are  due  to  the  presence  in 
lihis  region  of  concentric  ridges,  which  are  seen  cut 
ccross  in  such  sections.  When  the  periphery  is  reached, 
litie  outline  bends  forwards  at  the  iritic  angle  or  angle 
if  the  anterior  chamber,  where  the  root  of  the  iris  is 
connected  with  the  margin  of  the  cornea.  The  posterior 
uarface  joins  the  edge  of  the  pupil  at  a  somewhat  acute 
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angle,  and,  owing  to  the  shelving  or  slanting  form  of 
the  margin,  extends  further  towards  the  centre  of  the 
pupil  than  the  anterior  surface.  There  may  be  a  slight 
bulging  backwards  near  this,  but  it  is  often  absent. 
Otherwise  the  thick  line  of  pigment  at  the  back  of  the 
iris  is  comparatively  straight,  although  the  surface  has 
most  frequently  a  row  of  small  rounded  projections. 
At  the  periphery  the  outline  bends  backwards,  and  is 
merged  in  that  of  the  ciliary  processes ;  and  the  iris  is 
usually  thin  at  this  part.  In  tangential  sections  near 
the  ciliary  region,  there  may  be  found  prominences  on 
the  posterior  surface,  which  are  cross  sections  of 
radiating  ridges,  representing  prolongations  of  the 
ciliary  processes ;  and  similar  but  much  less  clearly 
defined  eminences  are  sometimes  seen  a  little  nearer  the 
pupil. 

The  iris  is  mainly  a  structure  of  connective  tissue, 
rich  in  branched  corpuscles. 

The  anterior  surface  is  said  to  be  covered  by  a  single 
layer  of  somewhat  flattened  granular  epithelial  cells, 
corresponding  with  the  posterior  epithelium  of  the 
cornea.  Such  an  epithelioid  layer  can  be  demonstrated 
by  staining  with  silver  in  the  case  of  some  animals, 
notably  the  albino  rabbit ;  but  its  presence  is  not  so 
certain  in  the  human  eye.  In  children  traces  of  such 
cells  can  be  observed ;  but  in  adults,  if  normally  pre- 
sent at  all,  they  must  be  very  generally  lost  in  the 
preparation  of  specimens,  although  some  appearances  in 
pathological  conditions  do  rather  indicate  their  occur- 
rence. The  anterior  layer  of  the  stroma  is  so  crowded 
with  cells  pressed  together,  that  the  detection  of  a 
distinct  layer  would  be  very  difficult  in  sections. 
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Tlie  most  striking  and  obvious  character  of  vertical ' 
eections  is  that  almost  the  entire  thickness  is  composed 
ff  a  very  spongy  and  ragged  mass  of  stroma.    This  has 
ODme  fibres  of  connective  tissue  ;  but  consists  chiefly  of  ■ 
irranched  corjauscles,  both  spindle-shaped  and  stellate, 
rrith  oval  or  round  nuclei.    The  processes  of  neighbour-  ' 
iilg  cells  unite  and  interlace  freely  ;  but  as  the  cells 
rre  flattened,  and  lie  with  their  surface  pai-allel  to  that  ■ 
ff  the  iris,  they  are  mostly  seen  in  profile  in  vertical' 
tactions,  and  then  appear  spindle-shaped,  while  their' 
connections  with  one  another  are  indistinct  or  invisible. 
They  form  a  loose  network,  in  the  meshes  of  which 
<e  larger  and  smaller,  round,  granular,  nucleated  cells.  - 
The  tissue  is  more  dense  towards  the  anterior  and  pos- 
>Brior  surfaces,  and  the  corpuscles  are  specially  nume- ' 
3ms  and  closely  packed  in  front.    The  corpuscles  may ' 
cDntain  pig-ment  in  various  degrees  ;  but,  as  a  rule,  it 
;i  not  in  large  quantity.    In  the  "  blue  eye  "  of  a  fair' 
fiirson,  there  is  little  or  no  pigment  in  the  stroma, 
limost  all  the  corpuscles  being  quite  destitute  of  it,  and  ' 
lie  few  which  are  pigmented  being  light  brown  in' 
olom- ;  but  in  the  iris  of  a  negro  the  opposite  extreme' 
i  observed,  both  in  the  abundance  of  the  pigmented 
■jlls  and  in  the  depth  of  the  shade,  and  the  cor- 
iiuscles  appear  almost  swollen  with  dark-brown  colour- ' 
lag  inatter,  Avhich  may  be  rather  a   stain  diffused' 
iiroughout  the  cells,  and  different  in  character  from 
lie  granules,  into  which  the  uvea  breaks  up.    In  eyes 
lith  a  moderate  amount  of  pigment  the  cells  lying  ^ 
cose  to  the  anterior  surface  are  mucli  more  largely' 
iipplied  than  those  more  deeply  placed,  and  the  pro-' 
■ssses  of  the  branching   corpuscles   are  sometimes- 
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specially  easily  and  clearly  defined  owing  to  the 
presence  of  the  coloured  particles.  There  are  gene- 
rally some  large,  spheroidal,  darkly  pigmented  cells 
scattered  both  in  front  of  and  behind  the  sphmcter 
pupilte  muscle,  and  they  are  frequently  more  abundant 
on  its  posterior  aspect. 

At  the  periphery  the  stroma  is  continued  forwards, 
and  intimately  mingled  with  the  fibres  and  membranes 
of  the  ligamentum  pectinatum,  while  posteriorly  it  is 
directly  continuous  with  a  mass  of  tissue  similar  to 
itself,  occupying  the  internal  portion  of  the  ciliary 
body  round  the  anterior  and  inner  margin  of  the  ciliary 

The  main  Uood-vessels  are  situated  about  the  middle 
of  the  thickness  of  the  iris,  and  a  considerable  amount 
of  the  connective-tissue  fibres  is  associated  with  them, 
forming  part  of  their  adventitia,  and  rendering  them 
conspicuous.  Their  connection  with  the  circulus  arteri- 
osus iridis  major  in  the  ciliary  body  may  be  seen.  There 
are  also  some  prominent  buudles  of  fibres  at  the  root  of 
the  iris,  passing  into  the  matrix  of  the  ciliary  body  and 
among  the  trabecule  of  the  ligamentum  pectinatum. 

In  ordinary  sections  the  nerves  do  not  seem  numerous ; 
but  fibres  can  be  distinguished  here  and  there,  more 
especially  in  the  neighbourhood  of  the  blood-vessels 
and  about  the  posterior  surface. 

The  sjohincter  pupillca  is  a  ring  of  unstriped  or  smooth 
muscular  fibres  round  the  pupil ;  and  in  meridianal 
sections,  where  it  is  cut  transversely,  it  forms  a  rod  of 
dense  material,  compared  with  the  loose  stroma,  vary- 
ing in  shape  and  size,  close  to  the  posterior  sm-face  at 
the  margin  of  the  pupil. 
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BeMnd  the  general  mass  of  the  stroma,  and  imme- 
diately in  front  of  the  uvea,  there  is  a  continuous 
delicate  sheet  of  nearly  straight  and  almost  parallel 
radiating  fibres,  which  are  composed  of  involuntary  or 
unstriped  muscular  fibre  cells  with  theii-  usual  elongated 
nuclei.  Both  at  the  pupil  and  at  the  ciliary  margin  their 
course,  as  seen  in  surface  views  of  brushed  specimens, 
is  in  divergent  bundles,  which  in  some  instances  show 
a  tendency  to  form  loops.  The  elements  of  this  layer 
have  been  variously  described  as  constituting  a  dilatator 
pupill^  muscle,  as  connective-tissue  spindle  cells,  and 
as  a  membrana  limitans  or  basement  membrane. 

The  ^tvea  or  pigment  layer,  which  covers  the  back  of 
the  iris,  appears  in  vertical  sections  as  a  broad  black 
band,  and  at  cracks  or  at  the  margins  of  the  line  the 
component  particles  of  pigment  are  seen  cemented 
together;  but  individual  cells  can  nowhere  be  dis- 
•tinguished.    In  sm-face  views  of  brushed  specimens, 
however,  the  remains  of  this  layer  are  found  as  large 
:  roundish  or  polygonal  cells  crammed  with  dark-brown 
.  granules.    When  the  posterior  surface  of  an  unbrushed 
iris  is  examined  with  a  low  power,  the  pigment  layer 
:  may  in  some  cases  be  observed  to  be  composed  of  a 
:  number  of   concentric  ridges,  and  these   again  are 
1  divided  up  into  portions,  so  that  the  rings  are  by  no 
:  means  complete,  but  are  made  up  of  a  series  of  cm-ved 
I  or  slightly  crescentic  pieces  of  difierent  lengths,  running 
•parallel  with  the  edge  of  the  pupil,  and  ending  in  blunt 
;  points,  which  fit  in  between  similar  ridges  on  either 
I  side.  Often,  however,  the  posterior  surface  of  the  uvea  is 
I  simply  a  somewhat  uneven  mass,  in  which  no  such  con- 
1  figuration  can  be  seen,  and  no  division  into  ridges  with 
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shallow  intervening  furrows  can  he  traced.  In  meri- 
dianal  sections  the  uvea  extends  from  the  pupil  to  the 
periphery,  where  it  is  continuous  with  the  pigment 
layer  of  the  ciliary  processes.  It  generally  reaches 
slightly  round  the  edge  of  the  pupil,  and  may  even 
cover  the  sloping  margin  for  a  very  short  distance.  Its 
anterior  bou.ndary  line  is  smooth  and  even ;  but  pos- 
teriorly it  has  commonly  a  number  of  small  nodules  or 
hemispherical  swellings,  differing  in  size  and  height, 
which  are  transverse  sections  of  the  concentric  ridges 
just  mentioned. 

II.  Pathological  Conditions. 

Iritis. — In  preparations  from  eyes,  in  which  there  is. 
inflammation  of  the  iris,  there  are  locally  the  usual, 
evidences  of  an  inflammatory  condition,  such  as  thicken-, 
ing,  swelling,  or  change  of  shape,  distended  hyperismic 
blood-vessels  in  the  midst  of  little  knots  of  round  cells, 
or  larger  areas  of  inflammatory  exudation,  or  fm-ther 
chaiLges  in  an  infiltration,  tending  to  the  formation  of 
some  variety  of  fibrous  tissue  or  to  destruction  by 
suppuration.    The  influence  and  effect  of  such  altera- 
tions upon  the  iris  itself,  upon  the  adjacent  structm-es, 
and  upon  the  relations  of  the  iris  to  the  latter,  give, 
something  special  to  almost  every  case  which  comes  to 
microscopical  examination;  but  three  forms  of  iritis,, 
based  upon  the  main  characters  of  the  exudation,  may 
be  described,  although  they  cannot  be  entirely  separated 
from  one  another,  owing  to  the  presence  of  features; 
common  to  them  all. 

Flastic  or  Simj^lc  Iritis. — In  this,  which  is  the  most 
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rasual  variety,  the  iris  is  infiltrated  witli  round  cells  to 
i&  moderate  extent,  and  there  is  at  some  part  of  its 
jsnrface  an  inflammatory  exudation  with  characteristic 
telFects.  It  may  be  at  any  -place,  in  front,  behind,  or 
aabout  the  j^upi].  If  recent,  it  is  composed  of  fibrine 
:iand  leucocytes,  and  clinical  observation  shows  that  this 
eeither  is  absorbed  or  becomes  organized.  All  the  steps 
(of  the  latter  process  are  seen  in  different  cases,  accord- 
iing  to  the  stage  which  has  been  reached,  or  many  of 
ithem  occur  in  one  specimen.  At  an  early  date  the 
oexudation  is  found  to  be  infiltrated  Avith  a  large  num- 
!ber  of  round  cells  among  the  strings  of  the  fine 
tfibrinous  network ;  at  a  later  date  the  locality  is  occu- 
ipied  by  a  membrane  formed  of  delicate  fibres,  spindle 
ccells,  round  cells  of  different  sizes,  and  collections  of 
ipig-ment  either  as  free  granules  or  confined  in  cells  ;  at 
;a  still  later  date  the  membrane  is  densely  fibrous,  and 
!has  fewer  cells.  The  effects  of  the  exudation  are  most 
imarked  about  the  posterior  surface  of  the  iris,  the 
itommon  result  being  adhesion  of  the  uvea  to  the  cap- 
ssule  of  the  lens,  a  condition  known  as  synechia  posterior. 
lln  simple  synechia  the  uvea  is  joined  to  the  capsule  by 
imeans  of  a  small  quantity  of  amorphous  material ;  in 
imembranous  synechia  the  u.nion  is  effected  by  organized 
t  tissue,  which  may  be  merely  a  thin  line  in  sections,  or 
tform  a  thick  layer.  Circular  or  annular  synechia, 
where  a  ring  of  the  iris  round  the  margin  of  the  pupil 
iis  adherent  to  the  lens,  forming  what  is  called  exclusion 
oof  the  pupil,  leads  to  accumulation  of  fluid  behind 
tthe  iris,  which  is  then  bulged  forwards,  producing  a 
f funnel-shaped  pupil.  In  sections  of  such  globes  the 
(distended  posterior  chamber  is  empty,  or  is  filled  with 
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a  clear,  slightly  granular,  coagulated  mass;  and  tlie 
pressure  from  behind,  produced  in  this  way,  if  it  has 
been  long  continued,  may  be  found  to  have  caused 
stretching,  thinning,   and  atrophy  of  the  iris.  A 
pupillary  membrane,  which  is  present  in  the  condition 
known  as  occhision  of  the  pupil,  affords  a  good  example 
of  the  results  of  organization  of  iritic  exudation.  The 
pupil  is  blocked  by  a  layer  of  fibrous  tissue,  containing 
cells  of  various  shapes  and  frequently  some  pigment ; 
and  the  border  of  this  slightly  overlaps  and  embraces 
the  edge  of  the  iris,  in  which  thinning,  or  atrophy,  or 
distortion  of  some  kind  may  have  been  produced  by 
the  contraction  and  dragging  of  the  membrane.  In 
total  synechia  posterior,  where  a  very  large  extent  or 
almost  the  whole  of  the  iris  is  adherent  to  the  capsule 
of  the  lens,  it  may  be  difficult  or  impossible  to  make 
out  a  definite  layer  between  the  two  over  a  wide  area, 
or,  on  the  other  hand,  a  comparatively  bulky,  vascular, 
fibro-cellular  membrane  may  have  replaced  the  original 
exudation,  and  bound  the  surfaces  firmly  together. 
Great  changes  are  then  seen  in  the  uvea.    It  is  some- 
times very  thick  and  uneven,  with  projecting  processes 
extending  into  the  inflammatory  material,  or  it  is 
broken  up,  and  fragments  of  it  are  lodged  in  the  newly 
formed  tissue  as  masses  of  very  irregular  form,  or  as 
scattered  free  particles,  or  as  pigmented  cells.    It  is 
often  extensively  detached  and  carried  away  from  its 
normal  position  to  some  distance;  or,  in  instances 
where  there  are  large  posterior  synechiee,  it  may  be 
separated  at  intervals  from  the  rest  of  the  iris,  so  as  to 
leave  a  series  of  intervening  cystic  spaces,  which  con- 
tain inflammatory  products  of  various  kinds,  such  as 
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Koagulated  material  in  small,  rounded,  liiglily  refractive 
kinobs  along  with  large  clear  vesicles,  granular  amor- 
j  palious  substance,  fibrine  in  strings  and  small  vesicles, 
I  rred  blood  corpuscles,  round  cells  of  various  sizes,  pig- 
imented  cells  apparently  derived  from  the  uvea,  or  cells 
\witli  blood  pigment  in  the  form  of  brownish  granules 
Iboth  large  and  small.  These  last  seem  to  be  examples 
03f  pigmentation  of  cells  from  absorption  of  red  blood 
csorpuscles  into  then-  interior  with  subsequent  shrink- 
iing,  contraction,  and  degeneration  of  the  blood  cor- 
[ipuscles,  the  ultimate  result  being  the  production  of 
aa  large  spheroidal  cell,  inside  the  clear  outline  of  which 
llies  a  variable  number  of  reddish-brown  granules,  some 
cof  considerable  size,  amongst  which  a  round  nucleus 
ccan  occasionally  be  demonstrated  by  staining.  These 
aare  the  changes  described  in  connection  with  this  form 
cof  pigmentation  from  haemorrhage  elsewhere,  and  many 
iinflammatory  conditions  in  the  eyeball  accompanied  by 
1  local  haemorrhage  show  these  pigmented  cells,  which 
coccur  not  only  in  the  products  of  iritis,  but  also  in  the 
iinflamed  ciliary  body,  in  membranes  formed  behind  the 
liens  in  cyclitis,  in  the  inflamed  choroid,  near  choroidal 
eextravasations,  and  in  the  retina  detached  by  extensive 
ssub-retinal  haemorrhage  or  altered  by  atrophy. 

Fundent  Iritis. — In  cases  of  suppurative  iritis  there 
iis  often  merely  a  layer  of  pus  on  the  anterior  surface  of 
tthe  iris  with  some  infiltration  of  round  cells  in  the 
istroma.  In  purulent  panophthalmitis,  again,  there  is 
iwidespread  purulent  iritis  with  a  profuse  collection  of 
iround  cells  in  the  swollen  or  distorted  iris,  while  pus 
(cells  and  leucocytes  entangled  among  strings  of  fibrine 
I  are  accumulated  in  the  anterior  chamber,  producing  the 
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condition  called  clinically  hyjpojpxjon.  The  stroma  of  the 
iris  is  entirely  obscured  by  the  infiltration,  or  replaced 
by  a  mass  of  round  cells,  cemented  together  by  a 
o-ranular  fibrinous  coagulum.  The  normal  coii^uscles 
are  destroyed,  and  the  uvea  broken  up,  so  that  m  the 
midst  of  the  crowded  leucocytes  there  are  disintegi-ated 
pigmented  cejls,  free  granules  of  pigment,  and  masses 
of  the  uvea,  along  with  compound  gi-anular  corpuscles, 
clear  vesicles,  and  molecular  ddbris.  In  such  cases 
other  parts  of  the  globe  are  inflamed  also,  the  ciliary 
body,  the  choroid,  the  vitreous,  and  the  corneo-scleral 
junction  being  more  or  less  infiltrated  with  roimd  cells. 
In  specimens  from  a  later  stage  the  iris  may  be  repre- 
sented by  an  atrophied  membrane,  or  by  fragments  of 
its  original  tissue  such  as  the  sphincter  muscle,  or  merely 
by  some  collections  of  pigTaent. 

Injlammatory  (Edema  of  the  Iris. — ^In  eyes  affected 
with  "  serous  iritis "  the  most  characteristic  featm-es 
are  those  of  inflammatory  oedema.  The  tissue  of  the 
thickened  iris  is  looser  than  normal,  and  some  of  its 
spaces  are  filled  with  a  gelatinous-looking  finely 
STanular  substance,  which  is  sometimes  stained  a  yel- 
lowish  colour  by  dissolved  blood-pigment.  The  number 
of  inflammatory  round  cells  present  is  limited,  both  in 
the  iris  itself  and  in  the  surrounding  exudation.  If 
the  margin  of  the  pupil  has  become  adherent  to  the 
capsule  of  the  lens  from  the  formation  of  annular  syn- 
echia, the  iris  may  be  pressed  forwards,  and  the  dis- 
tended posterior  chamber  is  empty  or  occupied  by  a 
finely  granular  mass,  the  sm-face  of  which,  as  seen  in 
thick  sections,  is  nodulated,  while  in  thin  sections  its 
margin  is  scalloped,  and  recalls  the  appearance  of  the 
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llayer  of  coagulated  serum  which  is  sometimes  fovmd 
1  between  the  central  clot  and  the  wall  of  hypera3mic 
Iblood-vessels,  cut  across  in  preparations  of  other 
iinflamed  tissues  after  hardening.  The  posterior  epi- 
tthelium  of  the  cornea  generally  presents  some  changes 
eeither  of  proliferation,  or  of  degeneration,  or  of  partial 
(tlestruction,  conditions  referred  to  in  connection  with 
lidescemetitis  and  keratitis  j^unctata.  In  some  prepara- 
ifcions  there  are  appearances,  which  favour  the  view  that 
rihere  is  a  proliferation  of  epithelial  cells  on  the  anterior 
.^sm-face  of  the  iris  in  iritis,  for  there  are  round  cor- 
ipuscles  here,  the  large  size  of  which  suggests  an 
1  epithelial  origin.  In  some  of  them  vthere  is  a  divided 
mucleus  ;  in  others  the  cell  has  a  constriction  about  the 
middle  between  the  nuclei ;  in  others  this  constriction 
lis  represented  by  a  filament,  connecting  the  two  parts 
mnd  giving  them  a  pyi-ifcrm  shape,  and  rupture  of 
tbhis  filament  would  set  free  two  of  the  large,  round, 
r^-anular,  nucleated  corpuscles.  In  serous  iritis  inflam- 
imatory  round  cells  are  frequently  found  in  the  neigh- 
>3om-hood  of  Schlemm's  canal  and  elsewhere,  as,  for 
imstance,  in  the  sheaths  of  the  vessels  of  the  retina  and 
lit  the  optic  disc.  Clinically  the  changes  in  serous 
rritis  are  found  to  end  in  resolution,  or  to  become 
■bhronic  and  result  in  atrophy. 

Wound  and  Prolapse  of  the  Iris. — A  wound  of  the 
rris  almost  necessarily  implicates  the  cornea,  and  very 
)t)ften  involves  the  lens  as  well.  Some  of  these  compli- 
:::ated  injm-ies  have  been  considered  among  the  patho- 
logical conditions  of  the  cornea,  and  others  present 
Veatures  the  most  prominent  of  which  belong  to  inflam- 
mation of  the  ciliary  body.    As  a  rule,  therefore,  speci- 
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mens  sliow  changes  in  tlie  surrounding  parts  in  addition 
to  the  local  circumscribed  inflammation  or  destruction 
of  the  iris  ;  and  tlie  results  are  often  so  extensive,  that 
the  former  presence  of  the  iris  may  be  chiefly  indicated 
by  the  remains  of  the  uvea,  embedded  in  a  mass  of  pus 
or  in  a  cicatricial  membrane,  according  to  the  occurrence 
of  purulent  or  plastic  iritis.    In  simpler  recent  cases 
the  injured  portion  of  the  iris  is  the  seat  of  an  exuda- 
tion of  round  cells,  and  may  be  glued  to  the  cornea  in 
front  or  to  the  capsule  of  the  lens  behind.  Such 
adhesions  lead  to  displacement,  and,  by  the  ultimate 
formation  of  organized  tissue,  to  very  gi-eat  distortion 
or  atrophy  of  the'iris.    Where  there  is  prolapse  of  the 
iris  through  an  opening  in  the  cornea,  the  portion 
which  passes  into  or  through  the  wound  may  be  large 
or  small,  readily  recognizable  as  the  ii-is,  or  only  reveal- 
ing its  origin  by  some  few  characteristic  elements.  It 
may  plug  the  opening,  or  constitute  a  small  part  of  an 
inflammatory  mass  in  the  gap,  and  small  growths  of 
granulation  tissue  are  occasionally  found  on  the  exposed 
portion.    A  foreign  body  may  be  lodged  in  a  wounded 
iris,  and,  if  this  is  a  fragment  of  the  margin  of  an  eye- 
lid, such  as  part  of  an  eyelash  or  a  sebaceous  gland,  the 
imported  cells  may  proliferate,  and  produce  a  mmute 
cystic   tumour   with   epithelial   and   fatty  contents 
(Krause). 

Atrophy  of  the  Iris.— The  iris  is  found  atrophied 
after  inflammation,  after  stretching  produced  by  the 
eff'ect  of  adhesions  between  it  and  the  neighbouring 
parts,  or  after  prolonged  excessive  intra-ocular  pressure 
as  in  anterior  staphyloma  and  glaucoma.  When  par- 
tially atrophied,  it  is  reduced  in  thickness  and  unduly 


PATHOLOGICAL  CONDITIONS.  59 

ffibrous ;  in  an  adyanced  stage  it  is  a  thin  membrane, 
ccomposed  entiz-ely  of  pretty  dense  fibrous  tissue  witli  an 
ooccasional  cell  or  nucleus,  a  few  blood-vessels,  and  some 
agranular  material.  Pigment  is  sparsely  scattered  about 
aas  free  particles,  or  appears  more  abimdant  tban  usual 
ffrom  the  contraction  of  the  area,  throughout  which  it 
was  previously  spread.  The  sphincter  muscle  seems  to 
bbe  unaffected  for  a  considerably  longer  time  than  the 
03ther  tissues,  and  the  uvea,  which  is  not  so  much 
aatrophied  as  dispersed  and  destroyed,  often  remains 
uunchanged,  although  the  pigment  of  the  stroma  has 
ddisappeared.  When  the  atrophy  has  arisen  from  long- 
esontinued  pressure,  as  in  staphyloma  of  the  cornea, 
ffragments  of  the  uvea  are  sometimes  the  only  elements 
\which  are  left.  An  atrophied  iris  may  be  increased  in 
t:hickness,  the  ex[3ansion  being  caused  by  the  dragging 
osfFect  of  adhesions  to  adjacent  parts,  and  it  is  then  a 
Iiioose  structure,  in  which  there  is  a  large  amount  of 
coonnective-tissue  fibres  with  wasted  and  degenerated 
[•corpuscles.  In  the  stumps  of  shrunken  eyeballs  the 
fformer  situation  of  the  iris  is  occasionally  represented 
boy  a  small  thin  plate  of  fibrous  tissue. 
Tumours  of  the  Iris  : — 

Gramdoma. — In  addition  to  the  granulations 
which  are  observed  on  the  surface  of  a  prolapsed 
iris  in  some  instances,  small  nodules  of  granula- 
tion or  round.-celled  tissue  have  been  found  on 
the  iris.  They  may  be  richly  supplied  with 
blood-vessels,  and  contain  some  spindle-shaped 
cells,  giant  cells,  and  connective  tissue  (Hirsch- 
berg  and  Steinheim). 
Tuhcrck. — A  tubercle  in  the  iris  consists  of  a 
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collection  of  round  cells  witli  giant  cells  (Gra- 
denigo). 

Gumma. — ^In  tlie  mass  of  round  cells,  wliicli  form 
the  bulk  of  a  gumma  of  the  iris,  the  central 
region  may  show  the  amorphous  granular  con- 
dition of  caseous  degeneration,  while  the  margin 
is  composed  of  spindle-celled  and  connective 
tissue  (Colberg).    Clinically  it  is  known  that  a 
gumma  ends  in  resolution,  or,  after  absorption, 
leaves  a  circumscribed  area  of  atrophy. 
Melanoma. — A  small  tumour  of  the  iris,  made  up 
of  some  non-pigmented  and  many  pigniented 
branched  corpuscles  of  the  stroma,  has  been 
described  under  this  name  by  Knapp. 
Sarcoma. — Various  forms  of  sarcomatous  tumours 
of  the  iris  have  been  examined.   The  tissue  may 
be  spindle-celled  and  non-pigmented  (Kipp) ; 
or  melanotic,  and  composed  of  spindle-shaped 
cells  without  pigment,  mixed  with  spheroidal  and 
polygonal  pigmented  corpuscles  (Hirschberg) ; 
or  consist  of  pigmented  round  cells  (Knapp). 
Ct/s^s.— Small  cystic   tumours  occm-  in  the  iris, 
and  seem  to  be  originated  by  injm-ies.  The  thin 
wall  of  the  cyst  is  formed  of  the  stroma  of  the 
iris,  much  stretched  and  thinned ;  and  the  cavity 
is  filled  with  clear  fluid  (Wecker). 
Angioma.— K  small  "cavernous"  tumour  of  the 
iris  has  been  recorded  by  Schirmer. 
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CHOROID  AND  PIGMENTED  EPITHELIUM. 

I.  Normal  Structure. 

IThe  choroid,  lying  between  the  sclerotic  and  the  retina,- 
js  thickest  in  the  neighbourhood  of  the  optic  disc,  and 
loecomes  thinner  towards  its  anterior  margin,  where  it 
continuous  with  the  ciliary  body.  It  is  a  membrane 
-composed  of  connective  tissue,  richly  supplied  with 
olood-vessels  and  pigmented  cells,  the  pigment  being 
lihe  most  prominent  feature  in  a  siu-face  view,  and  the: 
)3lood-vessels  occupying  most  of  the  field  in  a  vertical: 
section. 

When  it  is  examined  from  the  inner  surface  under  a 
cow  power,  the  vessels  form  clearer  lines,  so  distributed- 
Its  to  leave  elongated  meshes  ;  and  in  the  latter  are 
cound  dark  masses  of  accumulated  pigmented  cells, 
irhe  distinctness  of  this  configuration  is  toned  down  or- 
ibbscured,  when  the  pigmented  epithelium  has  not  been 
removed.  If  the  portion  happens  to  include  a  vena^ 
ivorticosa,  the  branches  of  the  vessel  and  the  intervening 
'ppaces  have  a  stellate  arrangement. 
.  In  vertical  sections  the  general  appearance  is  very- 
much  that  of  a  mass  of  blood-vessels  cut  longitudinally,"' 
):)blique!y,  and  transversely,  bound  together  by  fibres,' 
among  which  it  is  difficult  to  define  the  walls  of  the- 
i-'^easels.    It  is  a  loose  tissue  with  many  and  large  holes.'" 
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The  inner  part  contains  a  multitude  of  minute  vessels 
and  capillaries,  and  is  called  tlie  memhrana  cJwrio- 
capiUaris  or  uiemhrane  of  Hiiysch,  wMle  the  larger 
vessels  with  the  greater  part  of  the  stroma  pigment  are 
in  the  layers  external  to  this. 

The  stroma  is  formed  of  a  close  felt-work  of  delicate 
white   and   elastic  connective-tissue  fibres,  amongst 
which  smooth  muscular  fibres  have  been  seen  (Iwanoff). 
Leucocytes  are  scattered  throughout  it,  and  form  here 
and  there  little  collections  resembling  adenoid  tissue. 
Some  of  the  connective-tissue  corpuscles  contain  no 
pigment,  and  are  either  large,  round,  and  gi-anular,  or 
flattened,  irregular,  and  branched.    Tor  the  most  part, 
however,  they  are  pigmented,  in  which  case  the  cells 
—which  may  be  roundish  or  spindle-shaped,  but  are 
generally  of  very  irregular  form,  flat,  and  branching 
—are  filled  with  brown  gTanules,  the  dense  packing  of 
which  may  make  the  cell  appear  black.    The  pigment 
varies  greatly  in  shade  and  quantity  in  different  people, 
and  even  at  different  parts  of  the  same  eye.  It  is  paler 
in  fair  persons  and  darker  in  those  with  dark  hair  and 
in  the  dark  races  ;  and  sometimes  the  shade  is  lighter 
in  the  inner  than  in  the  outer  layers  of  the  choroid. 
The  nucleus  usually  appears  as  a  clearer  spot  about  the 
centre,  and  stains  deeply.    The  processes  of  the  cor- 
puscles are  long  or  short,  thick  or  thin,  tapering  or 
club-shaped,  undivided  or  branching,  numerous  or  few, 
and  frequently  unite  with  those  of  the  neighbom-ing 
cells.    These  cells  are  chiefly  in  the  outer  strata  of  the 
membrane,  and,  as  they  are  placed  with  their  flat 
surfaces  parallel  with  those  of  the  choroid,  it  is  a  side 
view  of  them  which  is  obtained  in  vertical  sections. 
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There  are  many  nerve  fibres,  forming  a  plexus,  with 
fiT*anular  ganglionic  iicrve  cells  ;  and,  towards  the  scle- 
cotic,  portions  of  the  ciliary  nerves,  as  they  pass  for- 
ivards,  are  often  seen  in  sections,  thin,  branched,  pig- 
mented corpuscles  being  occasionally  found  between 
hhe  fibres  of  a  nerve  bundle. 

Staining  with  silver  brings  out  the  ordinary  endo- 
thelial lining  of  the  abundant  Hood  and  lym2ohatiG 
xessels;  but  it  is  sometimes  difficult  to  determine  the 
iDrecise  nature  of  a  given  vessel  in  such  preparations  in 
hhe  human  eye. 

Externally,  there  is  a  thin  membrane  with  many  of 
Ihe  characters  of  the  choroid,  of  which  it  seems  to  be  the 
niter  layer.  This  is  called  the  lamina  siLpraclioroidea, 
md  is  formed  of  delicate  connective  tissue  and  elastic 
ilbres,  with  corpuscles  of  many  kinds,  mostly  ^Digmented. 
yome  of  these  are  large  and  branched  with  short  pro- 
eesses,  or  smaller  with  longer  and  thinner  processes, 
./hile  others  have  no  branches,  and  form  irregular 
•Hates.  The  possession  of  pigment  makes  all  of  them 
aiuch  more  conspicuous  than  the  pale,  round,  granular, 
nucleated,  lymphoid  cells,  of  which  there  are  always  a 
e3W  present.  The  lamina  is  covered  by  a  layer  of  epi- 
hhelioid  cells,  forming  the  inner  wall  of  the  perichoroidal 
<r/mphcctic  space,  the  outer  wall  of  which  is  the  lamina 
uusca  inside  the  sclerotic. 

Internally,  the  choroid  is  bounded  by  a  smooth,  homo- 
geneous, transparent  membrane,  the  lamina  vitrea  or 
uembrane  of  Bruch,  directly  continuous  with  the  layer 
ff  similar  structureless  material  in  which  lie  the 
aapillaries  of  the  chorio-capillaris. 

Sattler  has  described  perivascular  lymphatic  sheaths, 
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and  also  an  elastic  layer  between  the  capillaries  and 
the  larger  vessels,  divided  by  a  space,  which  is  lined 
on  the  opposing  surfaces  with  endothelium. 

Pigmented  Epithelium.— Resting  upon  the  lamina 
vitrea  there  is  a  sheet  of  pigmented  epithelium,  for- 
merly described  as  part  of  the  choroid,  but  now,  in 
consideration  of  its  development  from  the  outer  wall 
of  the  optic  cup,  regarded  as  belonging  to  the  retuia. 
It  is  most  conveniently  discussed  in  connection  with 
the;  choroid,  to  which  it  generally  adheres  in  examina- 
tions of  the  eyeball,  and  in  whose  fortunes  it  largely 
shares  in  disease. 

It  is  a  single  layer  of  thick,  flattened,  polyhedral  cells, 
which,  seen  as  they  lie  in  flakes,  are  of  varying  but  pretty 
uniform  size,  and  of  fairly  regular  hexagonal  shape. 
In  such  preparations  the  nucleus  is  usually  hidden,  but 
it  is  sometimes  visible  as  a  clearer  or  quite  clear  spot  at 
any  part  of  the  cell,  often  towards  one  side.  When 
seen  sideways,  the  cells  are  found  to  differ  in  their 
outer  and  inner  halves  ;  the  former,  nex^t  the  choroid, 
is  clear,  highly  refractive,  nearly  or  altogether  without 
pigment,  and  contains  a  round  nucleus,  which  stains 
readily  ;  the  inner  part,  on  the  other  hand,  next  the 
retina,  is  more  or  less  crowded  with  oblong  broAvn  par- 
ticles.   As  in  the  choroid,  so  here  also  the  tint  of  the 
pigment  is  in  keeping  with  that  of  the  rest  of  the  body ; 
in  fair  persons  it  is  comparatively  light  brown,  in  dark 
persons  and  races  it  appears  almost  black.    The  cells 
are  joined  together  by  a  transparent  cement-substance, 
which,  stains  with  nitrate  of  silver  in  the  usual  way  of 
such  intercellular  material,  and  occasionally  occurs  as 
fragments  of  a  network  in  preparations  where  the  cells 
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irave  dropped  out.  According  to  Scliultze  and  otliers, 
lelicate  processes  extend  from  the  internal  surface  of 
bhe  cells  among  the  rods  and  cones  of  the  retina. 

In  the  majority  of  sections  this  layer  forms  a  per- 
fectly opaque  band,  in  which  no  division  into  cells  can 
lee  distinguished  ;  the  inner  border  is  rough,  and  in- 

[iividual  particles  of  pigment  are  seen  there  ;  and  occa- 
iionally  the  clear  outer  portion  is  quite  distinct,  with 
Ihe  nuclei  lying  in  it  at  nearly  regular  intervals. 

II.  Pathological  Conditions. 

Hyaline  Excrescences  of  the  Lamina  Vitrea. — The 

iBresence  of  small,  hard,  warty  projections  on  the 
internal  surface  of  the  lamina  vitrea  may  be  a  senile 
thange  or  the  result  of  choroiditis  ;  and  the  condi^ 
iion  is  known  as  colloid  disease  or  colloid  degeneration. 
These  little  bodies  have  been  found  in  the  eyes  of  the 
roung  (Alt)  ;  and  they  occm-  at  any  part  of  the  choroid 
IT  on  the  ciliary  processes.  They  are  clear  and  strikingly 
Transparent  in  the  midst  of  the  surrounding  tissues,  and 
aange  in  size  from  minute  points  to  considerably  larger 
riTOwths.  If  single,  they  are  hemispherical,  round,  or 
ivval ;  while,  if  united  into  small  groups,  the  foi-m  of 
hhe  compound  mass  with  its  uneven  outline  resembles 
l:hat  of  a  gland,  and  such  nodules  are  called  Glasdrusen 
i;jy  the  Gei-mans.  They  have  sometimes  concentric 
ines  in  sections,  and  the  larger  aggregations  thus  look 
like  fragments  of  decalcified  bone.  They  may  be  some- 
»That  fibrous,  or  contain  particles  of  pigment  or  granu-r 
aar  material,  or  be  the  seat  of  calcareous  deposit. 
The  pigmented  epithelium  is  pushed  forwards  before 
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the  growth  or  to  the  sides;  in  the. former  case  the 
projection  is  covered,  and  in  the  latter  the  most  promx- 
nent  portion  is  bare,  while  an  acciimulation  of  pigment 
surrounds  the  margin  and  base.  The  furrows  and 
depressions  of  the  larger  compound  excrescences  are  so 
occupied,  and  the  other  parts  are  exposed: 

Under  a  low  power  an  area  of  the  choroid  affected  m 
this  way  seems  studded  with  clear  openings,  where  the 
absence  or  disarrangement  of  the  pigment  is  well 
marked ;  but  focussing  shows  that  such  spots  are  pro- 
minences encircled  by  a  dark  ring,  while  the  epithelium 
as  a  whole  may  be  gi-eatly  atrophied  and  destroyed. 

The  glassy  bodies  are  sometimes  detached  and  em-  | 
bedded  in  a  diseased  retina,  and,  if  the  retina  is  itself 
detached,  they  may  be  found  in  it  at  a  distance  from 

their  place  of  origin. 

Intra-ehoroidal  Hsemorrhage  and  Pigmentation.— 

Euptm-e  of  some  blood-vessel,  as,  for  example,  after  a 
blow  on  the  eyeball,  leads  to  extravasation  of  blood  m 
the  choroid,  and  the  hemorrhage  is  either  diffased 
throughout  the  tissue,  or  a  clot  occupies  a  space  between 
two  portions,  an  inner  and  an  outer,  of  nearly  equal 
thickness,  into  which  the  choroid  is  split. 

In  the  neighbourhood  of  exi;ravasations,  and  also  m 
cases  where  there  are  evidences  of  inflammation  of  the 
choroid,  such  as  a  fibrinous  coagulum  and  some  romid 
cells,  without  any  blood  clot,  a  number  of  pigmented 
cells,  of  the  kind  referred  to  under  "  Iritis,"  may  be  found. 
These  present  the  appearance  of  clear  vesicles,  containing 
a  variable  number  of  large  gi-anules,  which  are  reddish- 
brown  or  very  dark  brown  in  colour,  and  are  often  ot 
-comparatively  uniform  size.  Similar  granules  and  much 
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more  minute  particles  are  generally  scattered  about, 
iingly  or  in  little  groups. 

Detachment  of  the  Choroid. — A  detacliment  or  dis- 
)'jlacement  of  the  choroid  is  frequently  observed  in  eyes 
r/hich  have  been  enucleated.  It  may  be  circumscribed 
rr  widespread,  and  the  distance  between  the  choroid 
nnd  the  sclerotic  small  or  considerable.  The  space  is 
occupied  by  a  sub-choroidal  effusion  of  blood,  or  by 
oDme  fluid,  which  is  usually  yellowish  in  colour,  and 
aontains  cellular  elements  and  remains  of  pigment,  or 
\7  granular  coagulated  material,  portions  of  which 
liling  to  the  walls  of  the  cavity  in  sections  after 
aardening.  A  common  cause  of  detachment  is  the 
rragging  produced  by  cyclitic  membranes,  and  the 
ilterval  between  the  sclerotic  and  the  choroid  in  such 
uses  often  contains  inflammatory  products,  the  chief  of 
Ihich  is  fibrine  in  the  familiar  intricate  network  of 
rright  strings. 

Hypersemia  and  CEdema  of  the  Choroid. — CEdema 
' '  the  choroid  may  merely  render  the  tissue  excessively 
cose  and  spongy  with  empty  spaces;  but  more  fre- 
luently,  as  seen  in  hardened  eyeballs,  it  leads  to 
)!)literation  of  many  of  the  normal  characters.  When 
it.ere  is  hypertemia,  as  shown  by  distension  of  the 
'issels  with  blood  corpuscles,  it  is  not  uncommonly 
uund  that  the  fibrous  structure  is  greatly  disguised, 
lie  sections  are  peculiarly  glassy,  and  the  vessels  occur 
collections  so  entangled  and  confused  that  it  is 
Impossible  to  trace  their  relations.  In  other  instances 
•  e  membrane  is  increased  in  thickness,  and  sections  of 
sshow  nothing  but  a  transparent,  glancing,  and  granular 
nss,  in  which  there  are  round  and  oval  openings 
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corresponding  witli  the  position  of  tlie  vessels,  while 
tlie  pigmented  cells  of  tlie  stroma  lie  in  rows.  The 
coagulated  material,  with  which  the  choroid  is  thns 
extensively  infiltrated,  has  vacuoles,  and  is  frequently 
stained  yellow  with  dissolved  colouring  matter  from  the 
blood.    Accompanying  this  condition   there  may  be 
similar  serous  or  fibrinous  material  with  a  few  round 
cells  outside  the  choroid,  separating  it  from  the  sclerotic, 
or  on  the  inner  surface,  when  there  is  detachment  of 
the  retina,  and  the  pigmented  epithelium  adheres  either 
to  the  retina  or  to  the  choroid.    Such  effusions  assume 
varied  appearances  in  preparations  from  eyes  which 
have  been  submitted  to  the  action  of  hardening  reagents. 
There  may  be  only  traces  of  the  fluid  in  the  form  of 
gTanules,  or  the  space  may  contain  a  large  coagulum, 
and  this  is  either  structureless  and  almost  clear,  with 
a  scalloped  and  vacuolated  edge,  or  it  is  much  more 
opaque  and  made  up  of  short  fibres  like  dense  fibrme, 
or  it  is  a  collection  of  bright  highly  refractive  knobs. 
The  arrangement  of  the  pigmented  epithelium  is  some- 
times altered,  or  the  cells  are  somewhat  pale  and 
bleached  looking. 

Plastic  Choroiditis.— In  ordinary  cases  of  choroiditis 
the  changes  are  confined  to  separate  spots;  but  the 
affected  areas  may  have  united,  or  the  inflammation  be 
more  diffused.  There  are  hypeiWc  blood-vessels  and 
inflammatory  exudation  of  serum,  fibrine,  and  round 
cells,  the  last  being  confined  to,  or  specially  numerous 
in,  the  neighbourhood  of  the  vessels.  In  addition, 
there  is  often  a  profusion  of  pigmented  cells  which 
contain  dark-brown  particles  of  the  normal  kind  or 
larger,  or  reddish-brown  granules,  as  in  localities  where 
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there  has  been  hasmorrhage.  The  pigmented  cells  of 
the  stroma  may  possess  no  processes,  and  form  roundish 
bodies  with  larger  particles  of  pigment  than  usual ;  and 
they  may  show  the  successive  stages  of  division  and 
proliferation.  Some  oedema  is  frequently  present.  The 
pigTuented  epithelium  is  generally  thinned,  disarranged, 
or  wanting  over  the  place  of  disease ;  and  at  the  margin 
there  is  an  accumulation  of  particles  of  pigment,  either 
in  cells  or  lying  free. 

The  lamina  vitrea  has  occasionally  hyaline  excre- 
scences on  its  surface. 

At  a  later  stage  the  inflammatory  exudation  is  re- 
placed by  connective  tissue,  and  locally  the  choroid  is 
fibrous,  atrophied,  and  thin,  being  either  deficient  in, 
or  destitute  of,  j)igm.ent,  or  containing  clumps  of  it  in 
the  cicatricial  tissue  or  in  the  immediate  neighbour- 
hood. 

If  the  exudation  has  passed  through  the  lamina 
vitrea,  it  lies  under  the  pig-mented  epithelium,  the  rods 
and  cones  of  the  retina  being  altered  or  destroyed,  or 
it  is  mingled  with  the  remains  of  the  broken-up  pig- 
mented cells,  and  forms  a  layer  between  the  choroid 
and  retina.  If  it  has  penetrated  into  the  retina,  there 
is  an  interstitial  inflammation  of  the  latter,  constituting 
clioroido-retinitis  with,  as  a  rule,  ultimate  formation  of 
cicatricial  tissue  and  adhesion  between  the  two  mem- 
branes over  the  area  involved.  The  consequent  atrophy 
of  the  retina  may  be  confined  to  the  outer  portion, 
extending  no  further  inwards  than  the  external  nuclear 
layer,  and  some  cells  from  the  pigmented  epithelium, 
which  is  absent  at  the  place  of  adhesion,  are  found  in 
the  retina. 
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In  retinitis  alhuminiorica  the  condition  of  tlie  clioroid 
indicates  in  many  specimens  a  certain  amount  of 
inflammation,  such  as  an  oedematous  and  spongy 
character  with  empty  spaces  or  masses  of  coagulated 
serum,  or  an  increase  in  the  number  of  leucocytes.  In 
more  'advanced  cases  of  Bright's  disease  some  of  the 
choroidal  blood-vessels  have  thickened  walls,  which  are 
clear  and  conspicuous  in  sections. 

Purulent  Choroiditis.— This  is  almost  always  diffuse, 
and  is  recognized  by  the  large  number  of  round  cells 
throughout  the  choroid  with  an  intercellular  granular 
coagulum.    There  is  great  thickening  and  swelling  of 
the  part,  with  destruction  of  the  proper  structures  in  the 
later  stage,  although  the  pigmented  cells  of  the  stroma 
appear  for  long,  and  in  the  midst  of  many  marked 
alterations,  apparently  imchanged.    Ultimately  there 
is  nothing  hut  a  mass  of  rotmd  cells  with  scattered 
collections  of  pigment.    The  lamina  vitrea  is  generally 
interrupted,  and  the  pus  fouud  spreading  into  the 
interior  of  the  eyeball  at  some  place  ;  and  the  retina  is 
thus  infiltrated,  or  separated  from  the  choroid  by  an 
accumulation  of  granular  and  vacuolated  amorphous 
substance  into  which  the  pus  extends.    In  the  earlier 
stages   the  pigmented  epithelium  is  unchanged  or 
shows  signs  of  breaking  up  with  dispersion  of  the  dark 
particles  ;  but  in  other  cases  it  is  considerably  thickened 
or  entirely  absent.    It  may  be  pushed  inwards  along 
with  the  lamina  vitrea  by  an  accumulation  of  pus  m  the 
inner  layers  or  chorio-capillaris,  while  the  outer  layers 
of  the  choroid  remain  intact.    The  inner  layers  of  the 
sclerotic/ if  attacked,  are  infiltrated  with  round  cells. 
Suppurative  choroiditis  is  usually  part  of  purulent 
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panophtlialmitis ;  but  the  result  is  sometimes  chronic 
inflammation,  and  specimens  may  come  for  examination, 
which  have  reached  a  veiy  advanced  stage,  with  forma- 
tion of  fibrous  tissue  and  atrophy  of  the  globe. 

■Wound  of  the  Choroid. — At  the  point  of  injury 
■  there  are  signs  of  choroiditis,  the  form,  stage,  and  effect 
<  of  which  vaiy  in  diiferent  cases  and  at  difierent  dates. 
'The  local  condition  is  perhaps  lost  or  concealed  in 
I  extensive  purulent  choroiditis  or  even  panophthalmitis, 
I  to  which  it  has  given  rise ;  or  cicatrization  may  have 
I  taken  place,  and  the  wounded  tunics  of  the  eye  be  thus 
1  firmly  united  together.  The  choroid  is  then  joined 
locally  to  the  sclerotic,  which  is  pigmented,  or  to  both 
tthe  sclerotic  and  the  retina,  with  pigmentation  of  the 
ttissues  about  the  spot. 

Formation  of  Bone  in  the  Choroid. — Chronic  cho- 
iroiditis  of  any  kind  is  now  and  then  followed  by  the 
iformation  of  a  fibrous  membrane  on  the  inner  surface, 
iin  which,  or  under  which,  there  lies  either  a  calcareous 
cdeposit  among  the  fibrillated  material  or  a  plate  of 
Iboue  with  the  usual  irregular  trabecules,  intervening 
sspaces,  lacunae,  and  canaliculi,  and  occasionally  sur- 
rrounded  by  osteoblasts.    This  also  occurs  along  with 
tthe  presence  of  hyaline  excrescences  of  the  lamina 
vvitrea.    A  lamella  of  bone  is  sometimes  found  under 
tbhe  lamina  vitrea  and  occupying  the  whole  thickness  of 
tbhe  choroid,  its  size  varying  from  a  very  small  nodule 
tto  a  plate  of  some  thickness  and  extending  over  a  con- 
S3iderable  area.    In  a  large  scale  at  the  fundus  there  is 
ai  perforation  corresponding  with  the  normal  aperture 
lin  the  choroid,  allowing  the  passage  of  the  optic  nerve 
tiabres,  and  in  other  examples  the  optic  disc  is  sur- 
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1-oundecl  by  a  ring  of  bone.  Tlie  lamina  vitrea  is 
cenerally  distinguisbable,  even  altliough  widespread 
changes  have  caused  destruction  of  the  other  choroidal 

Atrophy  of  the  Choroid.— An  atrophied  choroid  is  a 
thinned  fibrous  membrane,  from  which  all  pigment  has 
vanished,  or  in  which  bands  of  pigment  render  the 
details  of  the  dense  tissue  very  obscure  in  sections. 
Choroiditis   commonly  causes  the  former  condition; 
prolonged  intra-ocular  pressure  often  results  in  the 
latter.    The  degTee  of  atrophy  ranges  from  a  slight 
thinning  with  increased  density  to  almost  total  destruc- 
tion of  the  normal  appearances,  there  being  few  cells 
present,  and  the  blood-vessels  not  being  visible,  while 
in  extreme  cases  there  may  be  no  characteristic  ele- 
ments in  the  situation  of  the  choroid. 

Over  a  white  non-pigmented  spot  the  pigmented 
epithelium  is  wanting;  but  the  adjacent  cells  are  very 
dark,  and  the  layer  generally  shows  an  increased  thick- 
ness here.    The  pigmented  cells  of  the  stroma  sur- 
rounding such  an  atrophied  portion  seem  more  con- 
spicuous than  usual,  and  amongst  them  he  masses  of 
dark  particles.     If  the  atrophied  choroid  is  simply 
condensed,  the  pigmented  epithelium  is  frequently  un- 
altered. .  , 
Where  the  choroid  is  undergoing  disintegration  and 
destruction,  as,  for  instance,  when  it  is  being  invaded 
by  a  malignant  growth,  numerous  fatty  cells  occur  m 
oTOups,  which  are  derived  from  the  corpuscles  of  the 
stroma,  either  those  with  or  those  without  pigment. 
All  degrees  of  the  change  are  seen,  from  a  few  glisten- 
ino-  fatty  granules  in  the  body  of  the  cell  to  distension 
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of  the  corpuscle  with  bright  shining  globules.  One 
jDart  of  a  cell  may  show  normal  pigmented  contents, 
while  another  part  has  little  molecules  of  oil.  If  the 
cells  break  up,  their  contents  are  dispersed  throughout 
the  neighbourhood. 

Staphyloma  Posterior. — This  is  a  localized  bulging 
backwards  at  the  fundus.  It  is  almost  always  at  the 
side  of  the  optic  nerve  next  the  macula  lutea  ;  but  it 
sometimes  encircles  the  disc,  and  then  similar  changes 
are  found  on  each  side  of  this  in  sections.  There  is 
thinning  of  the  sclerotic  and  atrophy  of  the  inner  tunics, 
all  the  membranes  bending  outwards,  and  being  occa- 
sionally united  together.  In  vertical  sections  including 
the  optic  disc  in  a  well-marked  case  the  somewhat 
thinned  sclerotic  has  a  gTeater  curve  at  the  protruding- 
spot  than  in  the  rest  of  its  extent,  and  is  placed  fm-ther 
back  than  the  opposite  unaffected  side  of  the  disc.  In 
normal  circumstances  a  ring  of  the  sclerotic  round  the 
disc  is  usually  thin,  the  position  of  this  corresponding 
with  the  anterior  extremity  of  the  interval  between  the 
junction  of  the  sclerotic  with  the  inner  sheath  of  the 
optic  nerve  and  the  point  at  which  the  outer  sheath 
unites  with  the  scleral  layers.  In  staphyloma  posticum 
this  part  is  stretched,  and  the  end  of  the  inter-vaginal 
space  is  often  prolonged  behind  the  staphyloma  for  a 
short  distance  from  the  optic  nerve.  Vessels  passing- 
through  the  staphylomatous  region  of  the  sclerotic  are 
sometimes  affected  ;  but  they  are  not  always  obliterated, 
nor  are  the  nerves  destroyed.  The  ati-ophy  of  the 
choroid  is  very  marked ;  and  in  advanced  cases  there  is 
only  a  thin,  dense,  fibrillated  membrane,  with  neither 
corpuscles,  nor  pigment,  nor  vessels.    The  pigmented 
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epithelium  is  absent  over  this  area,  which,  when  confined 
to  its  usual  locality  at  the  side  of  the  disc,  is  called 
from  its  shape,  as  seen  with  the  ophthalmoscope,  the 
crescent.  At  the  outer  border  of  the  crescent,  however, 
the^  pigmented  epithelium  is  frequently  accumulated 
into  a  small  dark  heap,  and  here  there  are  also  round 
epithelial  cells  with  little  or  no  pigment.  The  plane  of 
the  inner  surface  of  the  disc  may  be  oblique.  The 
retina  is  atrophied  locally  to  a  greater  or  less  degree  ; 
and,  when  glaucoma  has  accompanied  the  staphyloma, 
the  disc  is  excavated. 

Tubercle  of  the  Choroid.— The  presence  of  a  tubercle 
in  the  choroid  causes  a  circumscribed  swelling  or  pro- 
minence, composed  of  a  collection  of  round  cells  in  the 
stroma.  Giant  cells  may  be  found  in  it  (Alt)  ;  and  the 
occurrence  of  the  bacillus  tuberculosis  has  been  demon- 
strated several  times.  The  pigmented  epithelium  either 
covers  the  little  tumour,  or  is  absent  to  some  extent 
over  it.  Part  of  the  mass  may  have  undergone  caseous 
degeneration  (Manz).  The  disease  also  occurs  as  a 
general  tuberculous  infiltration  of  the  choroid  (Poncet). 

Granuloma  of  the  Choroid.— Minute  granulations, 
composed  of  round-celled  tissue,  may  form  on  the 
choroid,  and  project  inwards.  They  occur  after  wounds 
(Alt),  or  along  with  trachoma  of  the  eyelids  (Leber)  ; 
but  do  not  constitute  granulation  tumom-s  in  the  strict 
sense  of  the  term,  although  they  have  been  recorded 
under  that  name. 

Cysts  of  the  Choroid.— Small  cystic  spaces  in  the 
periphery  of  the  choroid,  with  a  thin  wall  lined  by 
endothelial  cells,  have  been  described  by  Alt,  which 
were  possibly  distended  lymj)hatic3. 
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Angioma  of  the  Choroid. — Panas  has  described  a 
;  small  cavernous  tumour,  occupying  the  whole  thick- 
mess  of  the  choroid,  at  a  sjiot  near  the  disc,  under  this 
I  name.  It  consisted  of  fibrous  tissue  with  numerous 
1  minute  spaces  filled  with  blood  corpuscles. 

Sarcoma  of  the  Choroid. — Several  varieties  of  sar- 
(comatous  tumours,  round-celled,  spindle-celled,  non- 
]  pigmented,  or  melanotic,  spring  from  the  inner  and 
(outer  layers  of  the  choroid.  The  round  cells  are  small 
(or  large,  and  so  also  are  the  spindle  cells ;  the  branched 
( cells  are  very  irregular ;  and  the  different  cellular  forms 
imay  be  found  in  separate  districts  of  the  same  tumour. 
The  characters  and  course  of  the  disease  differ  accord- 
iingly,  just  as  in  other  parts  of  the  body.  The  inter- 
i  cellular  substance  is,  as  a  rule,  exceedingly  scanty ;  but 
iin  some  cases  it  is  more  noticeable,  and  even  gives  the 
f  growth  an  alveolar  structure,  resembling  carcinoma. 
'The  blood-vessels  are  abundant,  and  are  often  without 
;  apparent  walls,  rather  forming  canals  through  the 
f  tissue ;  if  specially  numerous,  the  tumour  has  a  cavern- 
(ous  appearance. 

In  the  earlier  stages,  or  where  there  is  slow  growth, 
!  there  may  either  be  a  circumscribed  prominence  pro- 
i  jecting  into  the  interior  of  the  eyeball  from  the  choroid, 
\when  the  lamina  vitrea  is  broken  through,  and,  if  seen 
:at  the  margins,  fonns  folds  there,  or  the  choroid  may 
Ibe  thickened  over  a  large  extent  by  a  diffused  growth, 
lln  the  later  stages  the  place  of  origin  of  the  more 
imalig-nant  kinds  is  quite  beyond  detection,  or  the  globe 
iis  so  destroyed  that  only  fragments  of  it  are  found  in 
tthe  midst  of  the  irregular  mass.  When  seen  as  it  is 
s  spreading  inwards,  the  tumour  may  be  covered  with  a 
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kind  of  capsule,  wliich  represents  the  inner  layers  of 
the  choroid,  or  these  united  with  the  retina,  or  the 
retina  alone.  It  is  sometimes  newly  formed  ;  but  even 
when  merely  fibrous,  it  may  be  derived  from  the  pre- 
vious normal  structures,  as  can  be  determined  at  its 
margin.  Fatty  degeneration,  crystals  of  cholesterine, 
fragments  of  hyaline  cartilage,  areas  with  myxomatous 
gelatinous  material,  calcareous  deposit,  and  possi-bly 
small  formations  of  bone,  have  been  observed  in  choroidal 
sarcomata. 

Examples  of  the  different  kinds  of  tumours  will  be 
most  conveniently  mentioned  separately : — 

Boimd-celM.—ll'hx&  is  soft,  and  consists  of  masses  of 
round  cells.  Its  distribution  and  ai-rangement  present 
many  variations.  It  is  very  vascular,  and  fatty  degene- 
ration and  caseation  occur  in  spots. 

Spindle-celled.— Here  there  is  usually  a  firm  tumoui', 
arising  from  some  part  of  the  choroid,  and  projecting 
into  the  vitreous.    It  is  made  up  of  spindle-shaped 
cells,  which  are  often  so  bound  together  by  cement- 
substance  that  the  individual  elements  cannot  be  dis- 
tinguished in  sections.    The  remains  of  the  pigment  of 
the  choroidal  stroma  and  of  the  pigmented  epithelium 
are  distributed  throughout  it,  and  give  it  a  gi-ey  tmt 
darker  in  certain  areas;   and   pigmented   cells  are 
commonly  abundant  at  the  outer  surface  and  the 
margins,  especially  where  the  growing  tumom-  passes 
into  the  normal  choroid.    There  are  narrow  vessels 
with  delicate  walls  through  it,  and  occasionally  ill- 
defined  spaces  with  blood  corpuscles  or  hemorrhages ; 
but  this  is  much  firmer  and  less  vascular  than  the  other 
forms  of  sarcoma. 
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Melanotic. — Tlie  component  cells  of  these  growths 
are  of  various  sizes  and  shapes,  spheroidal,  spindle- 
shaped,  branched,  and  irregular,  and  most  of  them  con- 
tain bro^vn  granules,  the  roundish  cells  appearing 
specially  dark  or  black.  One  part  of  the  tumour  may- 
be pigmented  and  another  part  not  so  ;  and  cells  lying 
side  by  side  may  show  great  diversity  in  regard  to  pig- 
mentation, having  either  abundant  dark-brown  particles 
or  being  quite  free  from  these.  The  particles  are  of 
different  sizes,  and  are  either  inside  the  cells  or 
between  them  ;  they  are  sometimes  confined  to  definite 
districts,  and  may  be  mostly  arranged  at  the  margin 
of  the  growth  or  along  its  base  next  the  sclerotic. 
Pigmentation  from  extravasations  of  blood  also  occurs. 

The  neighbouring  pai'ts  are  affected  by  the  sarcomata 
according  to  the  nature  of  the  tumom-.  In  the  less 
malignant  forms  or  in  the  early  stages,  the  retina  either 
adheres  to  the  surface  of  the  tumour,  or  is  widely 
detached  by  it,  or  infected  and  destroyed.  Glaucoma- 
tous changes  in  the  ciliary  region  and  the  optic  disc 
are  frequently  present.  The  elements  of  the  sarcoma 
are  found  in  the  blood-vessels  and  also  as  groups  in  the 
otherwise  normal  choroid  at  the  edge  of  the  growth. 
In  the  more  malignant  forms  or  in  the  late  stages  all 
the  tissues  of  the  eyeball  are  liable  to  show  invasion 
and  destruction,  so  that  in  an  extreme  case  the  normal 
structures  and  arrangement  of  the  globe  are  entirely 
lost,  while  the  sarcomatous  elements  have  penetrated 
into  the  orbit  and  spread  there.  Several  stages  in  the 
extension  from  within  outwards  have  been  observed ; 
if  the  perichoroidal  space  is  obliterated  locally,  the 
remaining  edge  of  the  lamina  supi-a-choroidea  can  bo 
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traced  for  a  little  distance  outside  the  margin  of  the 
tumour  ;  if  the  sclerotic  is  attacked,  its  tissue  is  found 
loosened  and  containing  nests  and  colonies   of  the 
tumour  cells,  or  these  are  present  along  the  sheaths  of  . 
the  penetrating  vessels  and  nerves.    Even  where  this 
last  has  been  the  apparent  mode  of  extension,  and 
secondary  tumours  have  arisen  outside  the  sclerotic,  no 
■connection  between  the  intra-ocular  and  the  extra- 
ocular portions  may  be  discoverable  in  many  sections  ; 
but  at  an  advanced  stage  there  may  be  direct  con- 
tinuity between  them  over  a  large  extent,  the  inter- 
vening structures  having  been  by  that  time  destroyed. 
If  the  tumour  spreads  backwards,  its  elements  may  be 
seen  in  the  inter-vaginal  space  and  along  the  sheaths 
round  the  optic  nerve,  or  in  the  substance  of  the  nerve 
itself,  where  it  seems  to  involve  the  supporting  trabe- 
cular framework  in  the  first  place.    Suppuration  of  the 
cornea  with  perforation  opens  another  passage  to  the 
tumour  from  within,  and  the  growth  has  also  been 
•observed  extending  through  a  corneal  cicatrix.  Fuchs 
has  described  an  oedematous  condition  of  the  anterior 
part  of  the  cornea  in  cases  of  glaucoma  from  choroidal 
sarcoma.    Pressure  of  an  intra-ocular  tumour  may  alter 
the  shape,  position,  or  transparency  of  the  lens  in 
vai-ious  ways  ;  and  there  may  be  evidences  of  cyclitis. 

Changes  in  the  Pigmented  Epithelium. — In  almost 
all  pathological  conditions  of  the  choroid  the  pigmented 
epithelium  is  aflfected,  and  these  alterations  have  been 
mentioned  in  the  proper  .places.  The  hexagonal  form 
of  the  cells  suffers,  and  the  mosaic  appearance  is  lost ; 
the  distribution  of  the  dark  particles  inside  them  is 
disturbed,  and  the  pigment  is  diminished  or  wanting; 
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:  tlie  cells  degenerate  and  break  up,  and  tHe  granules  lie 
loose  or  dispersed,  or  tliey  are  partially  destroyed  or 
ialtogetlier  absent.  On  tlie  other  band,  changes  of  an 
(Opposite  kind  occur.  Tbe  cells  are  enlarged  and 
(Crammed  -with  pigTnent ;  tbey  accumulate  and  form 
1  heaps ;  minute  tumours  of  them  even  extend  into  the 
1  retina,  causing  local  disorder  or  destruction  of  the  outer 
I  layers  of  that  membrane ;  or  they  may  pass  inwards, 
iand  produce  what  is  called  pigmentation  of  the  retina. 
<  One  form  of  this  is  found  in  retinitis  pigmentosa,  where 
I  the  choroid  remains  intact  (Donders) ;  and  similar 
I  retinal  changes  are  present  in  cJioroido-rctinit  is,  speci- 
imens  of  which  are  got  in  eyes  lost  from  other  deep- 
s  seated  disease.  This  is,  however,  described  in  connection 
'with  the  retina. 
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CILIAEY  EEGION. 

I.  Normal  Structure. 

The  ciliary  region  includes  tlie  junction  of  tlie  cornea 
and  sclerotic,  tlie  overlying  conjunctiva,  tlie  ciliary 
body  with  its  union  to  the  iris  in  front  and  the  choroid 
behind,  and  the  pars  ciliaris  retinae.  The  relative  posi- 
tions and  proportions  of  these  are  most  satisfactorily 
demonstrated  in  meridianal  sections  radiatmg  from  the 

centre  of  the  cornea.  . 

Corneo-scleral  Junction.-The  aivtcrioi^  cpithchuvi 
of  the  cornea  is  continued  directly  into  the  similar  but 
thicker,  layer  of  the  conjunctiva.  In  the  eye  of  the 
negro,  brown  granules  occur  in  this  locality,  chiefly  m 
the  deeper  strata  of  cells. 

The  conjunctiva  usually  becomes  slightly  separatee 
from  the  sclerotic  in  preparations,  and  its  histological 
elements  have  been  already  described  under  "  The  Oon- 
iunctiva  Bulbi."  The  border  of  the  connective  tissue 
extends  over  the  margin  of  the  cornea,  and  stops  as 
a  thin  film  under  the  corneal  epithelium,  this  por- 
tion with  the  episcleral  tissue  formmg  the  limbus 

conjunctivse.  , 

Bowman's  mcmlrane  becomes  gradually  thinned  to  a 
fine  edge,  the  actual  termination  of  which  is  not  sharply 
defined  between  the  delicate  fibres  on  its  anterior  and 
posterior  surfaces. 
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The  transition  from  the  suhstantia  prcypria  of  the 
ccornea  to  that  of  the  sclerotic  is  rather  abrupt  and 
ssudden,  although  the  exact  point  may  not  be  everywhere 
eeasy  to  determine.  The  continuity  of  the  two  sets  of 
tfibres  is  complete,  the  main  difference  between  them 
Ibeing  that  of  transparency.  The  more  orderly,  clear, 
iiand  homogeneous  lamellte  of  the  cornea  cease,  and  the 
imore  irregular,  opaque,  and  fibrillated  bundles  of  the 
ssclerotic  begin ;  but  there  is  no  break,  as  they  pass  into 
cone  another.  The  margin  of  the  cornea,  or  limbus  cornece^ 
lis  bevelled  off,  and  is  overlapped  by  the  sloping  edge 
cof  the  sclerotic,  so  that  the  line  of  union  is  oblique  or 
sslanting.  Occasionally  the  scleral  tissue,  besides  spread- 
iing  thus  over  the  front,  reaches  a  short  distance  over 
tthe  posterior  aspect  also,  and  the  periphery  of  the 
ccornea  is  then  wedged  in  between  the  inner  and  outer 
[portions. 

The  border  of  Bescemet's  memhrane  is  thin,  and,  alono- 
with  some  fibres  of  the  adjacent  substantia  propria, 
j'joins  thick  and  sometimes  more  opaque  cords,  which 
fform  a  complicated  network  at  the  angle  of  the  anterior 
ithamher.  This  is  the  ligamentum  pectinatnm  iridis, 
ccomposed  of  successive  sheets  closely  connected  with 
oone  another,  each  consisting  of  a  mesh-work  of  cords 
warying  in  thickness  and  running  in  all  directions. 
'IThese  trabeculte  have  epithelial  cells  adhering  to  their 
^surface,  and  the  roundish  or  somewhat  oval  nuclei  of 
t  these  are  conspicuous  in  all  preparations,  while  only 
lihere  and  there  can  some  delicate  cell-substance  be 
(fclistinguished  about  them.  When  Descemet's  membrane 
iis  stripped  off  from  the  cornea— and  this  can  only  be 
(idone  with  difficulty— the  inner  portion  of  the  liga- 
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mentiim  comes  away  witli  it,  and  tlie  two  structures  are 
seen  to  be  directly  continuous.  In  sucli  specimens  tliere 
is  seen  a  band  of  fine  annular  fibres  immediately  outside 
tlie  edge  o£  tlie  membrane.    In  sections  are  seen  the 
other  attachments  of  the  ligamentum  to  the  sclerotic, 
the  ciliary  muscle,  and  the  iris.    As  regards  the  first  of 
these,  the  outermost  cords  pass  backwards,  and  are  lost 
sight' of  among  the  annular  scleral  bundles  which  occm- 
at^'this  place,  and  some  of  them  are  apparently  connected 
by  means  of  fibrous  tissue  with  the  external  layers  of 
the  ciliary  muscle,  as  the  latter  arise  among  these 
Ibundles.    As  regards  the  second  attachment,  the  cords 
pass  backwards  and  inwards,  and  give  origin  to  fibres 
■oi  the  ciliary  muscle,  between  which  they  penetrate 
shortly.  The  bulk  of  the  ligamentum  terminates  in  tHs 
way.    The  cords  of  the  thii-d  or  innermost  gi-oup,  after 
passing  backwards  and  inwards,  curve   still  more 
inwards  and  even  somewhat  forwards,  and  give  attach- 
ment to  the  root  of  the  iris,  with  the  stroma  of  which 
they  are  intimately  connected.    The  form  of  the  hga- 
mentum  varies  exceedingly  in  difi-erent  eyes;  m  one 
it  is  large  with  wide  spaces  and  a  most  intricate 
arrangement,  in  another  it  is  so  insignificant  that  it 
can  be  defined  only  with  difficulty.    Frequently  the 
layers  lie  close  together,  and  the  region  is  opaque;  at 
other  times  they  are  wide  apart  and  very  clear ;  but 
usually  the  thick  fenestrated  membranes  are  in  a  series 
of  plates  which,  owing  to  sections  of  their  irregularities 
and  cords,  have  little  knobs  and  swellings  in  then- 
course.    The  channels  between  the  trabeculas  are  the 
spaces  of  Fontana,  which  intervene  between  the  aqueous 
chamber  and  Schlemm's  canal. 
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Tlie  canal  of  Schlcmm  generally  appears  in  sections 
£as  an  elongated  opening  of  irregular  shape  in  the  inner 
saspect  of  the  sclerotic,  outside  the  ligamentum  pectina- 
ttum.  It  may  be  subdivided,  and  sometimes  shows  a 
'lining  of  nucleated  cells.  The  canal  is  situated  further 
Iback,  that  is  to  say,  nearer  the  equator  of  the  eyeball, 
tthan  the  anterior  edge  of  the  limbus  conjunctivEe. 
hStill  fm-ther  back,  as  a  rule,  and  therefore  well 
n-emoved  from  the  conjunctival  margin,  springs  the 
rroot  of  the  iris. 

The  annular  arrangement  of  the  scleral  bundles 
hbehind,  and  sometimes  outside,  the  canal  of  Schlemm 
lihas  been  already  noted.  In  the  eyes  of  children  the 
jpart  of  the  sclerotic  next  the  cornea  bends  inwards, 
vwhere  the  curves  of  the  two  membranes  meet.  The 
iinner  part  about  Schlemm's  canal,  and  especially  the 
aannular  portion  behind  that  space,  projects  internally, 
aand  there  may  be  a  corresponding  depression  on  the 
coutside,  or  the  latter  may  be  wanting  owing  to  the 
greater  thickness  of  the  tunics  here  in  the  child. 
ICn  adults  this  projection  is  only  slightly  marked,  or  is 
eentirely  absent. 

Sections  of  a  considerable  number  of  Uood-vessels 
ooccur  in  preparations  of  the  corneo-scleral  junction, 
'ilhey  are  branches  of  the  anterior  ciliary  and  the  con- 
jijunctival  vessels,  which  terminate  in  a  series  of  loops 
lin  the  conjimctiva,  offshoots  from  which  penetrate  the 
ssclerotic,  and  are  connected  with  the  vessels  in  the 
c^iliary  body,  while  some  capillaries  are  found  in  the 
aidjacent  corneal  tissue. 

^  Ciliary  Body.— The  corpus  ciliareisan  annular  band. 
Lining  the  anterior  portion  of  the  inner  surface  of  the 
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sclerotic,  extending  in  breadth  from  the  iris  to  the 
choroid     As  it  is  thickest  in  front,  and  the  inner  surface 
slopes  backwards  and  outwards  to  the  level  of  the  choroid, 
meridianal  sections  are  somewhat  prismatic  m  shape, 
the  base  of  the  prism  being  directed  forwards,  and  the 
tapering  narrow  edge  towards  the  fundus,  while  the 
inner  anterior  angle  is  rounded  oif.    It  is  divided  into 
an  anterior  part,  carrying  the  prominent  cilidry  pro- 
cesses, and  a  posterior  smoother  and  thinner  part;  the 
former  is  the  fars plicata  and  the  latter  thenars  non- 
plicata.    Its  front  border  is  continuous  with  the  root 
of  the  iris  and  the  ligamentum  pectinatmn  ;  the  hinder 
border  joins  the  choroid  at  the  situation  of  the  ora 
serrata  of  the  retina.    Outside  the  ciliary  body  there 
are  continuations  of  the  lamina  supra-choroidea  and 
lamina  fusca  with  the  intervening  lymphatic  space ; 
and,  as  it  is  therefore  only  loosely  connected  with  the 
sclerotic,  it  generally  falls  away  from  the  latter  m  the 
course  of  preparing  specimens,  remammg  attached, 
however,  in  the  neighbourhood  of  the  ligamentum 

pectinatum.  .  . 

The  stroma  agrees  with  that  of  the  ms,  and  is  com- 
posed of  connective  tissue  with  many  corpuscles,  which 
are  either  round  and  of  various  sizes,  or  branched  and 
irregular,  pigmented  or  non-pigmented.  In  the  case  ot 
fair  persons,  almost  no  pigment  is  present;  m  those 
with  dark  hair,  a  few  cells  with  a  pale,  diffused,  brown 
colour  are  usually  seen;  but  in  preparations  from  the 
eye  of  the  negro  there  is  an  abundance  of  branched 
corpuscles,  filled  with  very  dark  particles.  _ 

Embedded  in  some  of  the  stroma,  and  constitutmg 
the  greater  part  of  the  ciliary  body,  lies  the  aharu 
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imusdc,  a  ring  of  the  smooth  or  unstriped  kind  of 
imuscular  fibres.  Between  its  fasciculi  the  fibres  and 
tcorpuscles  of  the  matrix  may  be  seen,  especially  the 
cdark  cells  of  a  richly  pigmented  eye.  Anteriorly  it 
aarises  from  the  sclerotic  and  the  ligamentum  pectina- 
ttum  ;  and  the  external  fibres  can  be  traced  among  the 
tiannular  scleral  bundles  behind  Schlemm's  canal ;  while 
tthose  further  in  start  from  the  trabeculae  of  the 
'.ligamentum.  The  fasciculi  have  mostly  a  meridianal 
cidu-ection ;  and  the  external  layers  spread  backwards  from 
t  their  origin ;  then  they  divide  into  diverging  bundles, 
which  unite  with  one  another  and  may  form  knots,  and 
aagain  divide,  ultimately  ending  partly  in  brush-like  pro- 
ecesses,  which  are  lost  to  view  in  the  outer  strata  of  the 
cchoroid,  a  few  fibres  sometimes  seemingly  adhering  to 
tthe  sclerotic.  The  middle  or  "  radial "  bundles  course 
Ibackwards  and  inwards  ;  but  at  the  same  time  diverge 
rto  the  sides  from  their  anterior  attachment,  and  thus 
ccross,  and  unite  with,  each  other.  This  divergence 
iincreases  further  inwards,  until  the  most  central  and 
aanterior  bundles  have  a  circular  path.  In  antero- 
iposterior  sections  the  layers  of  radiating  bundles  are 
sseen  to  unite  at  many  points,  and  they  thus  form  a  net- 
vwork  with  elongated  spaces,  the  outer  laminas  extending 
i^over  a  greater  distance  from  before  backwards  than  the 
iinner  ones.  An  expansion,  covering  the  whole  internal 
ssurface,  may  be  distinguished,  composed  of  annular 
Ibundles,  which  are  continuous  with  the  adjacent  bands. 
IThe  anterior  and  internal  circular  portion  of  the  muscle 
lhas  been  described  as  a  separate  muscle,  the  compressor 
llentis  of  Miiller.  Owing  to  this  arrangement  of  the 
warious  parts,  meridianal  sections  show  the  outer  or 
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longitudinal   bundles   cut  length-ways,   the  middle 
or  radial  cut  obliquely,  and  the  inner  or  annular  cut 
transversely  ;  while  in  transverse  or  equatorial  sections, 
on  the  other  hand,  the  external  fibres  are  cut  across,  the 
middle  obliquely,  and  some  internal  ones  longitudinally. 
In  such  preparations  the  different  sets  gradually  merge 
into  one  another,  and  are  not  clearly  separated ;  they 
are   all   firmly  united  to  the   surrounding  stroma. 
Iwanoff  thought  that  the  circular  bundles  generally 
were  relatively  largely  developed,  and  projected  for- 
wards, in  the  short  eyeball  of  hypermetropia,  while 
the  meridianal  bundles  preponderated,  and  the  anterior 
boxmdary  of  the  muscle  sloped  backwards  and  inwards, 
in  the  long  myopic  eye  ;  but  he  found  that  this  rule  did 
not  always  hold  good.    There  is  a  relation  between  the 
form  of  the  ligamentum  pectinatum  and  the  variations 
in  the  ciliary  muscle  ;  if  the  ligamentum  terminate  to  a 
large  extent  in  the  sclerotic,  the  external  or  meridianal 
fibres  of  the  muscle,  arising  from  this  locality,  are 
proportionally  numerous ;  whereas,  if  the  ligamentum 
be  more  loose  and  spreading  in  its  arrangement,  many 
of  its  cords  pass  directly  to  the  muscle,  and  the  quantity 
of  annular  fibres  is  greater.    This  may  be  stated  in 
another  way :  the  annular  portion  is  increased  with  a 
wide,  and  diminished  with  a  small,  angle  of  the  anterior 
chamber,  which  coincides  with  the  fact  that  in  the 
hypermetropic  eye  the  narrower  ciliary  muscle  is  rela- 
tively further  forwards  than  the  broader  one  found  in 
the  eyeball  usually  accompanying  myopia.    The  size  of 
the  ciliary  muscle  does  not  seem  less  in  the  child  than 
in  the  adult. 

A  layer  of  stroma,  free  from  muscular  fibres  and 
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fforming  a  iDrolongation  of  the  similar  tissue  of  the  iris, 
ccovers  the  internal  aspect  of  the  ciliary  muscle;  and 
textensions  of  it  form  the  main  substance  of  the  ciliary 
jprocesses.  Blood-vessels  are  abundant  in  the  ciliary 
Ibody,  but  especially  so  in  this  inner  region ;  and  a 
(common  object  in  the  anterior  part  of  the  ciliary  body 
lis  a  transverse  section  of  the  vessels  composing  the 
(circulus  anteriosus  iridis  major,  from  which  branches 
]pass  into  the  iris.  Many  nerves  are  distributed  through- 
cout  the  whole  body,  more  particularly  in  its  outer  part, 
tand  among  them  there  are  ganglionic  cells  in  little 
(Collections  or  isolated. 

The  layer  of  stroma  is  bounded  by  a  clear  homo- 
igeneous  membrane,  which  is  a  continuation  of  the 
ilamina  vitrea  cJwroidece,  passing  over  the  ciliary  pro- 
(cesses,  but  not  so  well  defined  there  as  between  them. 
^When  viewed  from  within,  its  surface  is  seen  to  be  un- 
teven.  Nest  the  ora  serrata  it  is  pretty  smooth,  some 
s  slightly  raised  lines  being  visible,  enclosing  vaguely 
I  marked  areas ;  further  forwards  there  are  well-defined 
I  elevations  surrounding  small  irregular  depressions ; 
;  about  the  posterior  part  of  the  pars  plicata,  among  the 
'.  lower  ciliary  processes,  these  raised  ridges  become  pro- 
:minent,  and  the  intervals  are  larger;  between  the 
.  higher  ciliary  processes  the  lines  are  pronounced,  and 
I  enclose  comparatively  deep  hollows  of  many  kinds, 
'.  large  and  small,  round  or  polygonal.  Everywhere  the 
I  deeper  parts  are  irregular  in  outline,  and  vary  in  size, 
while  in  some  of  the  spaces  masses  of  pigment  remain 
:  after  brushing  the  specimen.  This  configuration  gives 
the  surface  a  worm-eaten  or  eroded  appearance.  In 
vertical  sections  the  walls  of  the  pits  appear  as  short 
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rods  projecting  inwards,  and  tlie  intervals  between 
them  are  occupied  by  black  prominences  of  the  pigment 
layer,  the  arrangement  being  better  or  only  seen  when 
the  latter  has  become  slightly  detached  from  the 
lamina  vitrea  in  preparing  the  specimen,  and  the 
billowy  outline  of  the  pigment  is  separated  from  the 
clear  membrane.  It  is  sometimes  impossible  to  dis- 
tinguish the  glassy  lamina  on  the  surface  of  the  ciliary 
processes  in  sections,  or  it  may  appear  as  an  extremely 
delicate  line. 

The  pigmmt  layer  comes  immediately  inside  the 
lamina  vitrea,  and  is  composed  of  roundish  cells  filled 
with  dark-brown  particles,  amongst  which  the  nuclei 
are  rarely  visible.  As  a  rule,  individual  cells  cannot 
be  observed,  and  the  layer  forms  a  dense  black  mass, 
which  in  sections  is  a  broad  band,  continuous  in  front 
with  the  uvea  of  the  iris,  and  behind  with  the  pig- 
mented epithelium  on  the  inner  surface  of  the  choroid. 
The  posterior  portion  is  the  thickest,  and  the  crests  of 
the  ciliary  processes  have  often  a  considerably  thmner 
layer  over  them. 

Cilicmj  Processes.— i::]!^  pars  plicata  or  anterior  region 
of  the  ciliary  body  owes  its  name  to  the  presence  of  a 
series  of  meridianal  folds  or  ridges,  running  from 
before  backwards,  and  projecting  inwards  and  forwards. 
These  are  the  ciliary  processes,  and  consist  of  exten- 
sions of  the  stroma,  covered  by  the  lamina  vitrea,  the 
pigment  layer,  and  the  pars  ciliaris  retinas.  Posteriorly 
they  begin  as  slight  elevations  ;  but  gradually  increase 
in  prominence,  until  anteriorly  their  height  is  con- 
siderable; near  the  iris  they  rapidly  diminish,  and 
mostly  cease.    On  examining  the  inner  surface  of  the 
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corpus  ciliare  witii  a  low  power,  it  is  found  tliat  tlie 
posterior  zone,  the  pars  non-plicata,  is  comparatively 
smooth,  then  in  front  of  this  there  is  a  zone  with  more 
or  less  parallel  ridges  passing  across  it,  then  a  zone  of 
small  secondary  processes,  and  lastly  the  anterior  zone 
bearing  the  prominent  or  primary  folds,  with  interven- 
ing smaller  or  secondary  ones.  The  ridges  run  forwards 
and  stop  between  the  hinder  ends  of  the  prominent  folds, 
or  they  sink  into  the  general  level  again,  terminating 
either  suddenly  or  gradually,  or  they  divide  and  unite 
with  the  neighbouring  secondary  processes  at  this 
part.    The  posterior  extremities  of  the  primary  pro- 
cesses rise  steeply  or  slopingly,  or  have  a  free  tail  pro- 
.  jecting  backwards  and  ending  in  a  blunt  point.  They 
have  bulgings  and  swellings  at  the  sides  and  on  the 
:  surface,  and  are  somewhat  wavy  in  their  course.  In 
:  front  their  terminations  cease   abruptly,   or  project 
:  forwards  and  hide  the  root  of  the  iris,  or  are  continued 
( on  to  the  posterior  surface  of  the  latter.    Between  the 
;  adjacent  primary  processes,  and  quite  independent  of 
fthem  and  of  each  other,  there  are  lower  and  shorter 
1  ridges ;  and,  if  more  than  one  occupies  the  furrow,  as 
lis  usually  the  case,  two  or  three  may  rise  from  the 
1  bottom  of  the  main  groove. 

Transverse  sections  afford  further  information.  The 
1  processes  may  be  sub-divided  or  compound,  having 
ttwo  or  three  crests  ;  and  their  outline  is  veiy  irre- 
.tgular,  owing  partly  to  lateral  undulations  or  bendings 
ffrom  side  to  side  in  their  course  forwards,  but  arising 
cchiefly  from  twistings,  with  hollows  and  projections  in 
tthe  sides  at  different  levels.  Where  they  attain  their 
,igi-eatest  height,  they  show  great  diversity  of  form; 
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Starting  from  tlie  base  in  one  dii^ection,  tliey  change  to 
another,  then  shift  to  a  third,  and  so  on,  till  the  summit 
is  reached,  the  outline  being  complicated  by  thicken- 
ings and  excavations  at  the  sides  and  by  sub-divisions 
with  similar  characters.    Thus,  while  one  side  of  a 
process  may  continue  to  run  in  one  direction,  there  may 
be  a  bulging  on  the  opposite  side  at  this  level,  giving 
the  outline  there  a  totally  different  course  ;  or  one  spot 
may  be  hollowed  out  quite  irrespective  of  any  such 
mark  on  the  other  side.    The  distances  between  the 
folds  are  short  and  pretty  regular ;  and  in  some  of  them 
lie  secondary  processes.    The  front  of  the  ciliary  body 
behind  the  root  of  the  iris  has  a  number  of  depressions 
or  indentations,  some  of  which  are  of  considerable 
depth,  while  others  are  more  shallow.    They  extend 
backwards  in  the  anterior  aspect  of  the  thick  portion  ot 
the  ciliary  body,  behind  the  point  at  which  the  sides 
of  adjacent  ciliary  processes  sometimes  unite  with  one 
another.    A  series  of  transverse  sections  at  mtervals 
from  before  back-wards  illustrates  these  facts  very  well. 
In  such  a  section  in  front  of  the  ciliaiy  body,  near  the 
root  of  the  iris,' low  rounded  projections  on  the  pos- 
terior sui-face  indicate  prolongations  forwards  of  the 
ciliary  processes.    A  little  nearer  the  ciliary  body  long 
processes  are  attached  to  the  iris,  and  these  are  the  most 
anterior  projections  of  the  high  folds.    Behind  this, 
where  the  ciliary  body  begins,  a  thin  band  of  stroma 
unites  the  bases  of  long  sub-divided  processes,  bhghtly 
behind  this  the  processes  are  shorter,  and  between  them 
lie  secondary  ones,  while,  outside  the  band  ]ommg  their 
bases  and  in  the  main  mass  of  the  ciliary  body,  there 
are  openings  edged  with  black,  which  are  the  mouths 
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of  the  depressions  just  raentionecl.    A  short  distance 
further  back  the  folds  are  smaller  still,  and  in  the  thick 
band  of  the  ciliary  body,  which  passes  across  their  bases, 
there  are  irregular  openings  lined  with  pigment,  which 
;  are  portions  of  the  depressions.    Still  further  back  the 
processes  are  lower  and  simpler,  and  the  openings  have 
;  given  place  to  black  masses  of  pigment,  corresponding 
with  the  floor  of  the  depressions.    After  this  the  folds 
I  continue  to  decrease  in  height  and  size,  and  the  thick- 
:  ness  of  the  ciliary  body  to  diminish  steadily,  until  the 
;  pars  non-plicata  is  reached,  where  the  pigmented  out- 
1  line  is  nearly  straight  and  the  whole  body  comparatively 
1  thin. 

Meridianal  sections  show,  as  might  be  expected,  an 
t  equally  great  variety  of  outline.  If  taken  from  a  part 
:  between  two  folds,  there  is  little  or  no  projection ;  if 
tthe  whole  height  of  a  process  is  included,  there  is  a 
1  large  projection  directed  inwards  and  forwards  ;  if  the 
:  section  is  from  a  place  where  a  process  is  continued  on 
tto  the  iris,  and  if  almost  all  the  rest  of  the  fold  has  been 
(cut  off,  there  is  a  mass  left  adhering  to  the  iris  and 
1  hardly  connected  with  the  ciliary  body.  The  base  of 
sa  process  may  be  cut  off,  and  leave  the  crest  attached 
tto  the  iris  and  coursing  freely  backwards,  or  a  similar 
1  fragment  of  a  fold  may  be  left  imited  posteriorly  to  the 
(ciliary  body  and  passing  forwards.  The  middle  of  a 
ffold  may  be  shaved  off,  and  present  an  opening  irregular 
iin  form  and  edged  with  black;  or  in  a  similar  locality 
fa  mass  of  pigment  may  represent  the  deepest  part  of 
fa  lateral  depression,  the  more  prominent  parts  of  which 
lhave  been  sliced  off.  In  the  same  way  the  excavations 
cabout  the  front  of  the  ciliary  body  may  be  indicated  by 
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spaces  or  by  lines  of  pig-ment  running  backwards, 
according  as  tlieir  centres  or  their  walls  are  present. 

Pars  Ciliaris  Betinse.-Tlie  periplieiy  of  the  retma 
terminates  at  tlie  ora  serrata,  where  the  choroid  also 
ceases;  but  from  that  region  there  is  a  smgle  layer  of 
oranular  cells,  which  extends  forwards  over  the  ciliaiy 
body,  until  the  periphery  or  root  of  the  iris  is  reached, 
when  it  stops  suddenly.    This  is  called  the  pars  cilians 
retina?     Its  elements  are  often  badly  preserved  m 
hardened  eyeballs ;  but  in  favourable  circumstances 
various  points  can  be  determined.    Near  the  ora  the 
cells  are  elongated  or  columnar,  and  contam  a  long  oval 
nucleus;  and  in  this  posterior  region  they  appear 
somewhat  curved,  their  inner  extremities  having  points 
directed  forwards  and  mingling  intimately  with  one 
another.    More  anteriorly  the  cells  become  shorter  and 
more  flattened ;  and  on  the  pars  plicata  they  are  nearly 
cubical,  and  have  a  round  or  slightly  oval  nucleus.  Here 
they  are  covered  with  a  delicate  membrane,  which  gives 
the  internal  surface  of  the  layer  a  sharp  boundary  m 
sections,  especially  at  the  sides  and  summits  of  the 
ciliary  processes.    At  places  in  this  front  area,  however, 
they  may  be  more  elongated.    The  cells  sometmies 
contain  particles  of  pigment,  and  possess  short  pro- 
cesses.   Their  union  with  the  pigment  layer  is  obscm-ed 
by  some  of  the  dark  granules,  which  are  always  scat- 
tered over  this  line  in  sections;  but  in  some  patho- 
loo-ical  conditions  there  is  an  indication  of  the  presence 
of  something  like  a  basement  membrane.  Bright 
straight  fibres  of  the  zonula  of  Zinn  usually  adhere  to 
their  internal  surface. 


I 


PATHOLOGICAL  CONDITIONS. 


93 


II.  Pathological  Conditions. 

Cyclitis. — The  ciliary  region  is  regarded  as  "dan- 
gerous," owing  to  the  untoward  results  whicli  follow 
the  infliction  of  an  injury,  upon  it  or  the  lodging  of  a 
foreign  body  inside  the  globe  in  its  proximity.  A  con- 
siderable proportion  of  the  eyeballs,  which  are  enucle- 
ated to  i)rotect  the  safety  of  the  other  eye,  are  affected 
with  cyclitis  or  inflammation  of  the  ciliary  body ;  but 
the  disease  is  then  rarely,  if  eyer,  confined  to  this  spot, 
inflammatory  products  occurring  also  in  the  iris,  or  in 
the  choroid,  or  in  both  ;  and  these  cases  are  therefore 
classed  clinically  as  irido-cyclitis,  cyclo-iritis,  irido- 
choroiditis,  irido-cyclo-choroiditis,  and  so  on.  In  the 
majority  of  such  eyes,  submitted  to  microscopical  ex- 
amination, there  is  inflammatory  material  about  the 
ciliary  region  with  organization  into  fibro-cellular  mem- 
branes ;  but  the  chief  character  in  some  instances  is  an 
effusion  of  albuminous  fluid,  which  coagulates  on  harden- 
ing, while  in  others  the  main  changes  are  suppurative. 
Histologically,  therefore,  the  varieties  tend  to  overlap. 
Inflammatory  CEdema  of  the  Ciliary  Body.— In  addi- 

■  tion  to  hypereemic  vessels  and  a  few  round  cells  near 
them,  there  is  an  exudation  in  the  enlarged  ciliary 
body,  which  has  rendered  it  spongy,  separating  even 

■  the  muscular  bundles  from  one  another.  In  sections 
•  the  meshes  of  the  loosened  tissue  are  empty,  or  filled 

with  a  transparent  slightly  granular  substance,  the 
margins  of  which  usually  show  vacuoles;   and  there 
;are  also  large  granular  cells,  mostly   rounded,  but 
1  sometimes  with  processes,  having  one  nucleus  or  two 
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nuclei,  and  occasionally  a  few  particles  of  pigment,  or 
showing  vacuoles  or  a  clear  envelope.    The  posterior 
chamber  may  contain  amass  of  similar  serous  exudation, 
which  passes  behind  the  lens  and  into  the  vitreous ;  and,  if 
the  edge  of  the  pupil  is  fixed  by  synechia  posterior,  the 
iris  is  bulged  forwards.    Inflammatory  round  cells  are 
usually  seen  in  the  exudation  and  in  the  pars  ciliaris 
retina,  the  posterior  part  of  the  latter  frequently 
exhibiting  small  spaces  among  its  elements.  Strmgs 
of  fibrine  appear  here  and  there  in  the  exudation. 
These  conditions,  if  of  long  standing,  are  accompanied 
by  changes  and  wasting  of  the  pars  ciliaris  retinae,  of 
the  pigment  layer,  and  of  the  muscular  bundles. 

Purulent  Cyditis.—The  local  alterations  consist  of  a 
profuse  collection  of  round  cells  in  the  swollen  ciliary 
body  and  the  presence  of  pus  on  its  inner  sm-face,  in 
the  posterior  chamber,  and  in  the  adjacent  vitreous, 
mixed  with  strings  of  coagulated  fibrine.    In  the 
earlier  stages  the  round  cells  are  situated  in  the  layer 
of  stroma  internal  to  the  ciliary  muscle  and  in  the  pars 
cUiaris  retina ;  but  subsequently,  though  they  may 
form  more  densely  packed  masses  in  the  inner  part, 
they  are  distributed  throughout  the  whole  ciliary  body, 
in  which  there  are  also  fibrinous  exudation,  remains  of 
pigmented  corpuscles,  and  vessels  distended  with  blood- 
cbt.    At  that  stage  there  are  signs  of  pm-ulent  u-itis 
and  choroiditis,  with  little  colonies  of  round  cells  in 
the  corneo-scleral  junction  and  limbus  conjunctive; 
it  is  then  part  of  panophthalmitis. 

Plastic  Cyclitis.—This  is  characterized  by  its  ten- 
dency to  result  in  the  formation  of  membranes. 
Various  quantities  of  round  cells  are  present  in  the 
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ciliary  body,  especially  in  tlie  inner  layer  near  the 
liypertemic  blood-vessels  ;  and  an  exudation  of  fibrine 
and  round  cells  lies  on  the  inner  aspect,  either  among 
the  cells  of  the  pars  ciliaris  retinae  or  outside  a  detached 
portion  of  them,  or  among  the  fibres  of  the  zonula.  It 
may  have  spread  into  the  posterior  chamber  or  across 
the  eyeball  behind  the  lens  in  the  vitreous.  Patches 
I  of  the  ciliary  body  are  occupied  by  additional  elements  ; 
i  and  these  may  be  accumulations  of  blood  corpuscles,  or 
■  the  results  of  the  degeneration  of  such  extravasations, 
:  as  reddish-brown  molecular  d(^bris,  or  pigmented  cells 
iin  the   form  of  large  rounded  vesicles,  containing 
1  brownish   gi-anules  of    considerable   or   small  size, 
;  amongst  which  a  nucleus  is  occasionally  distinguish- 
;able.     This   corresponds  with  the  pigmentation  of 
lleucocytes  and  connective-tissue  corpuscles  by  absorp- 
Ition,  shrivelling,  and  disintegration  of  red  blood  cor- 
ipuscles,  described  as  occurring  in  the  neighbourhood 
(of  haemorrhages  elsewhere.   Other  patches,  particularly 
iin  the  outer  and  posterior  part  of  the  ciliary  body, 
(often  show  coagulated  serum,  with  its  clear  or  granular 
f  amorphous  appearance  and  vacuolated  border.  At  other 
iplaces  there  is  a  deposit  of  fibrine  in  strings  of  various 
tthicknesses,  forming  the  usual  branching  network,  or 
iin  beaded  ii-regular  rods,  or  in  knobs,  or  clear  vesicles, 
\which  may  be  minute  with  thin  walls  or  larger  with 
tthicker  walls.    There  are  often  compound  granular 
ccorpuscles,  large  granular  cells  with  one  or  two  nuclei 
Eand  perhaps  some  brown  particles,  cells  surrounded  by 
cclear  enveloping  material,  and  small,  delicate,  trans- 
tparent,  empty,  and  collapsed  vesicles.  Inflammatory 
rround  cells   are  occasionally  found  in  considerable 
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numbers  about  Sclilemm's  canal.  The  pigment  layer 
frequently  appears  greatly  increased  in  thickness  or  is 
broken  up  and  partially  destroyed,  the  cells  and  free 
particles  being  in  the  adjacent  exudation. 

At  a  later  date  the  exudation  is  replaced  by  a  cycUw 
mcmhrane.    This  occupies  part  of  the  vitreous  chamber, 
and  its  extent  ranges  from  a  thin  layer  over  the  ciliary 
body  to  a  mass  occupying  the  gi'eater  part  ot  the 
vitreous   humour,    and   causing    extensive  changes 
around.    In  one  case,  for  example,  it  covers  the  ciliaiy 
body   and  includes  the  zonula;  in  another  it  is  con- 
tinued forwards,  and  unites  with  a  membrane  causmg 
widely  spread  synechia  posterior  between  the  ms  and 
the  lens,  or  even  obliteration  of  the  posterior  chamber 
and  union  of  the  iris  with  the  ciliary  body ;  m  another 
it  stretches  across  the  eyeball  behind  the  lens;  m 
another  the  lens  is  gone,  and  a  mass  of  the  new  tissue 
occupies  its  place,  and  adheres  to  the  adjacent  struc- 
tures    As  regards  the  constituents  of  the  membrane 
very  varied  elements  are  found  in  different  cases  and 
at  different  parts  of  the  same  case,  according  to  the 
severity,  the  complications,   and  the   stage   of  the 
original  inflammation.    The  basis  is  delicate  connective 
tissue  with  interlacing  bands;  and  among  this  are 
spindle  cells,  large  round  cells,  leucocytes  m  arger  or 
smaller  groups  or  scattered,  irregular  corpusc  es,  pig- 
mented corpuscles,  blood-vessels,  brown  or  black  masses 
of  pigment,  granular  detritus,  fibrine,  and  areas  with 
fatty  degeneration,  calcareous  deposit,  or  formation  ot 
bone     Hemorrhages  are  common ;  and  these  are  par- 
tially organized,  some  portion  of  them  being  invaded  by 
round  cells  or  replaced  by  fibrous  tissue,  or  their  remains 
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iare  seen  as  granular  groups  of  colouring  matter  from 
tthe  blood.    The  effects  of  the  new  formation  present 
fsome  features  peculiar  to  each  case  ;  but  among  the  most 
lusual  conditions  may  be  mentioned  the  following.  The 
eciliaiy  body  is  atrojDhied ;  or  contraction  of  the  membrane, 
\which  is  firmly  united  to  its  inner  surface,  has  caused 
(detachment,  and  the  ciliary  muscle  is  then  dragged 
iiaway  from  the  sclerotic,  especially  at  the  posterior  part, 
ixemaining  attached  about  the  ligamentum  pectinatum, 
nand  curving  thence  inwards  towards  the  centre  of  the 
eeyeball,  while  the  space  outside  of  it  is  empty,  or  filled 
with  blood-clot,  serum,  fibrine,  or  a  more  cellular  in- 
tflammatory  exudation.    The  ciliary  processes  are  much 
(distorted,  thickened,  thinned,  or  broken  up.   The  whole 
cciliary  region  may  be  drawn  towards  the  centre  of  the 
teyeball,  and  the  opposite  sides  of  the  ring  thus  approxi- 
mated ;  or  traction  may  have  caused  the  corneo-scleral 
jjunction  to  bend  inwai-ds  locally.    The  anterior  part  of 
tthe  choroid  is  detached  along  with  the  detached  ciliary 
Ibody,  and  the  interval  between  it  and  the  sclerotic 
csontains  some  form  of  exudation.    The  lens  and  iris 
aare  sometimes  pushed   forwards ;   and  the   lens  is 
tflegenerated,  calcareous,  or  greatly  distorted  in  shape  ; 
oDr,  if  it  has  been  wounded,  all  that  is  left  is  the  capsule 
C3urled  up  in  the  membrane.    If  the  retina  is  detached 
— and  this  is  of  very  frequent  occurrence — its  remains 
ure  folded  up  at  the  border  or  in  the  midst  of  the 
imembrane ;  and  the  different  layers  often  retain  their 
ibharacters  and  relations  to  a  large  extent ;  but  at  other 
iimes  the  whole  thickness  of  the  retina  is  composed  of 
11  loosely  arranged  tissue  with  fibres  and  abundant 
nuclei,  or  it  is  so  much  destroyed  that  only  here  and 
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there  can  its  characteristic  elements  be  clearly  distin- 
guished. Portions  of  hyaline  excrescences  of  the 
lamina  vitrea  choroideee  are  not  unfrequently  found 
separated,  and  embedded  in  the  cyclitic  membrane  : 
among  such  altered  traces  of  the  retina,  forming  glassy 
bodies  with  irregular  outlines  and  made  up  of  several 
spheres  with  concentric  lines.  The  optic  disc  may  be 
atrophied  or  excavated.  In  an  extreme  case,  the  whole 
globe  is  atrophied  and  shrunken. 

Ciliary  Wound.— If  the  eyeball  has  been  enucleated 
;at  an  early  date  after  the  injury,  a  wound  of  the  ciliaiy 
region  is  filled  with  an  accumulation  of  fibrine  and 
round  cells;  if  later  on,  it  is  occupied  by  more  or  less 
organized  material ;  if  at  a  still  later  period,  there  is 
only  cicatricial  tissue.  In  addition  there  are  the 
evidences  of  cyclitis  in  its  various  forms  and  with  its 
manifold  variations  and  results,  for  an  injury  here  is 
generally  the  starting-point  of  marked  inflammatory 

changes.  , 

A  foreign  body  lodging  on  the  ciliary  body,  alter 
penetrating  some  other  part  of  the  eyeball,  is  usually 
found  surrounded  by  the  products  of  plastic  or  purulent 
cyclitis,  which  may  have  been  part  of  panophthalmitis 
or  atrophy  of  the  bulb,  or  may  have  been  merely 
localized  about  the  foreign  body.  If  the  substance  is  a 
fragment  of  iron  or  steel,  it  produces  a  rusty  stain  m 
the  vicinity. 

Atrophy  of  the  CUiary  Body.-This  is  occasionally 
the  result  of  cyclitis,  and  is  also  found  in  eyes  which 
have  for  some  time  shown  excessive  intra-ocular 
tension.  All  the  layers  are  affected,  wasted,  and 
tHnned  ;  but  the  pigment  and  the  pars  ciliaris  retmaj 
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ssuffer  to  a  much  less  degree  than  the  other  structures. 
'IThey  may  be  the  ouly  parts  left,  and  are  then  united 
tto  the  sclerotic  by  a  small  amount  of  fibrous  tissue. 
-■'At  other  times  the  ciliary  muscle  has  been  observed 
vwith  fatty  degeneration  or  a  deposit  of  calcareous 
imatter.  Clear  transparent  bodies  with  concentric 
limes,  and  surrounded  by  masses  of  pigment,  corre- 
s^ponding  with  hyaline  excrescences  of  the  lamina  vitrea 
cjhoroidetB,  sometimes  occur;  and  in  a  few  instances 
ssmall  portions  of  bone  form  in  the  ciliary  body  in 
sstumps  of  eyes  with  chronic  atrophy  of  the  globe. 

Atrophy  of  the  ciliary  body  is  present  in  advanced 
r^laucoma.  In  old  people  the  atrophy  produces  great 
rc-eduction  in  thickness  with  transformation  into  dense 
iibrous  tissue  ;  but  in  young  persons  it  is  accompanied 
ny  stretching  of  the  whole  anterior  portion  of  the  eye- 
mil,  constituting  buphthalmos,  where  the  size  of  the 
jjlobe  is  increased  in  all  its  diameters. 

Ciliary  Staphyloma.— This  is  a  bulging  outwards  of 
);)art  of  the  ciliary  body  and  of  the  sclerotic  external  to 
tt.    These  portions  are  thinned,  atrophied,  and  gene- 
mlly  adherent;  the  ciliary  processes  are  displaced  or 
Uistorted,  and  sometimes   covered  with   membrane  • 
while  the  ciliary  muscle  and  vessels  are  wanting,  when 
the  atrophy  has  proceeded  to  a  certain  extent."'  Ulti- 
mately the  ciliaiy  body  is  represented  by  a  thin  layer, 
aving  on  its  internal  surface  some  pigmented  cells  •  or 
lihere  may  be  nothing  distinguishable  but  a  line  of  p'ic- 
Hent.    The  staphyloma  shades  off  gradually  into  the 
cormal  condition  at  the  margin  of  the  protrusion. 

Corneo-scleral  Staphyloma.— In  this  affection  the 
periphery  of  the  iris  is  adherent  to,  and  bulged  out- 
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wards  with,  some  part  of  the  corneo-scW  i^-tion^  ^^^^ 
local  adhesion  being  either  with  or  without  an  mter 
veniBg  delicate  layer  of  clear  and  sometmes  fibnllated 
Zteil  The  external  tunics  are  more  or  less  stretched 
Td  reduced  in  thickness  ;  the  ligamentum  pectinatum 
and  Desoemet's  membrane  at  the  spot  are  altered  o 
partially  destroyed;  and  the  spaces  of  Fontana  au^ 
canal  of  Schlemm  are  obliterated  locally.  The 
looks  in  sections  as  if  its  root  had 
interval  occurring  between  the  front  of  the  ^o^^ 

and  the  point  at  which  the  iris  becomes  free  from  he 
ana  tne  p  .^.^       ^^^^^^  ^^^^ 

cornea,  so  tnat  xne  011^,1".  « 

behind  the  edge  of  the  limbus  conjmctiTK  but  oon- 
£ZW  m  front  of  it.    At  this  interval  is  situated  the 
aWJn^atons  p-ot™ion  of  the  oo™al  »d  scle« 
tissne  having  on  the  inride  the  remains  of  the  n  .,  the 
atrophy  of  which  may  be  so  edreme  that  only  an 
tegular  line  of  nveal  pigment  is  left.    In  o  her  xn- 
X^ces  the  st..ma  of  the  iris  at  this  V^^^  ^-^^ 
looser  than  no^ally.^nt  more  h 
this  affection  are  fonnd  m  sections  o  g 
eyes,  and  the  ciliary  body  is  then  generally  united  to 
the  sclerotic  and  atrophied  also. 

Ciliary  Region  in  Glaucoma.-When 
oenlar  Tension  is  increased  so  that  ^^^^y^^^^ 
hard,  and  the  condition  called  glancoma  is  "^^f'^^f- 
sections  from  eyes  removed  in  the  advanced  stage 
revel  hanges  a[the  ciliary  region.  The  normal  angta 
of  the  anterior  chamber  is  obliterated  1=7  Ae  contact  o 
L  periphery  of  the  iris  with,  or  its  adhesion  to,  the 
™ripheiT  of  the  cornea.  There  is  either  simple  ap,»- 
Sn  of  tte  snrfaces,  nothing  being  seen  between  them. 
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(.or  the  peripheral  synechia  is  efFected  by  means  of  a  thin 
1  layer,  which  is  transparent  and  sometimes  shows  longi- 
rtudinal  strite.  Tontana's  spaces  are  thus  obliterated, 
;and  Schlemm's  canal  cut  off  from  its  communication 
\with  the  aqueous  chamber,  by  the  apparent  advancement 
cof  the  root  of  the  iris.  The  antero-posterior  extent  as 
sseen  in  sections,  over  which  the  parts  are  united,  varies  ; 
Ibut  is  usually  considerable,  and  occasionally  compara- 
rtively  large.  Locally  there  are  commonly  atrophic 
cchanges  present,  such  as  wasting  of  the  iris  and 
rreduction  of  it  to  a  thin  membrane,  more  especially  over 
tthe  adherent  area ;  and  the  ciliary  body  is  also  atrophied, 
rthe  ciliary  processes  being  then  greatly  shrunken  or 
i-almost  gone,  and  the  mass  of  the  ciliary  muscle  and 
sstroma  being  compressed  to  a  jDigmented  layer  of  little 
tthickness  inside  the  sclerotic,  which  may  itself  possess 
{evidences  of  thinning.  Weber  has  described  com- 
ipression  of  the  circulus  anteriosus  iridis  major,  whereas, 
aaccording  to  Brailey,  the  blood-vessels  are  dilated  and 
tthin-walled.  Fuchs  has  noted  them  as  normal,  widened, 
man-owed,  or  invisible  in  different  cases.  They  are 
aalmost  destroyed  in  the  atrophied  ciliary  body.  A 
ssimilar  apposition  of  the  periphery  of  the  iris  to  the 
ccornea  has  been  seen  in  earlier  stages,  in  which  the 
cciliary  processes  were  pressed  forwards  against  the 
iposterior  surface  of  the  iris,  as  if  pushing  it  before 
tthem.  The  ciliary  processes  may  be  swollen,  hyper- 
asemic,  and  cedematous.  The  circular  portion  of  the 
cciliary  muscle,  with  the  anterior  part  of  the  ciliary 
Ibody,  has  been  observed  advanced  in  a  like  manner, 
aand  applied  against  the  adherent  portion  of  the  iris. 
The  pupillary  edge  of  the  iris  has  some  tendency  to 
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eversion  forwards,  and  the  uvea  may  be  found  con- 
tinued round  this  margin  and  on  to  the  anterior  surface 
for  a  short  distance.  The  sphincter  pupilte  may  bend 
round  the  pupH  like  the  uvea,  or  in  a  late  stage  may 
not  be  distinguishable. 

In  a  few  cases,  instead  of  the  peripheral  adhesion  of 
the  iris  and  cornea,  the  angle  of  the  anterior  chamber  is 
occkxded  by  a  formation  of  fibrous  tissue,  or  the  liga- 
mentum  is  transformed,  apparently  by  pressure,  into  a 
solid-looking  mass  of  dense  finely  fibriUated  material, 
and  the  canal  of  Schlemm  is  no  longer  recognizable. 

Leprosy  of  the  Ciliary  Begion.— The  researches  of 
Bull  and  Hansen  showed  that  Uttle  collections  of  leprous 
round-celled  tissue  may  form  nodules  about  the  canal 
of  Schlemm,  and  that  from  this  point  the  disease  extends 
into  the  corneal  layers  in  front  of  Descemet's  membrane, 
or  into  the  iris.  The  spaces  among  the  trabeculjB  of 
the  ligamentum  pectinatum  are  packed  with  round 
cells,  and  the  disease  also  spreads  to  the  limbus 
conjunctivae. 

Tumours  of  the  Ciliary  Body : — 

^farcoma.— Sarcomata  of  the  ciliary  body  have 
been  described,  both  round-celled  and  spindle- 
celled,  melanotic  and  non-pigmented. 
Myoma.— K  case  of  myoma,  or  myo-sarcoma,  of 

the  ciliary  body  has  been  recorded  by  IwanofF. 
G^ivmia  and  Tulcrdc.—K  gumma  in  the  cihary 
body,  like  a  tubercle  in  a  cyclitic  membrane, 
consists  of  a  circumscribed  accumulation  of  round 
cells  (Weiss). 
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VITREOUS. 

I.  Normal  Structure. 

'The  vitreous  Iiumonr  is  a  substance,  very  like  egg- 
1  albumen,  filling  the  space  or  chamber  wMcli  is  bounded 
i  by  the  retina,  the  pars  ciliaris  retina?,  the  zonula  of 
;Zinn,  and  the   lens.    Under  the   microscope  it  is 
i  structureless  and  granular,  and  ajst  to  have  folds  or 
(Creases.    In  this  matrix,  and  chiefly   in   its  outer 
iportion,  there  are  a  few  corpuscles  with  the  characters 
(of  leucocytes,  spheroidal,  granular,  and  nucleated,  now 
£and  then  containing  dark  particles  of  pigment.  IwanofF 
tasserts  the  presence  of  spindle-shaped  and  stellate  cells, 
vwhile,  according  to  Schwalbe,  the  vacuoles  which  some- 
ttimes  are  found  in  the  corpuscles  are  due  to  imbibition 
cof  fluid.    A  vague  appearance  of  fibrillation  is  seen 
Ihere  and  there,  and  about  the  ora  serrata  there  are 
ssome  fibres,  which  join  the  zonula  ciliaris  or  suspensory 
Uigament  of  the  lens.  This  zomila  of  Zinn  begins  at  the 
cora  as  delicate  wavy  fibrillas,  which  pass  forwards  and 
aare  intimately  united  with  the  pars  ciliaris  retinge  ; 
Lbut  it  soon  becomes  composed  of  characteristic  stiff*, 
sstraight,  smooth,  transparent,  glancing  fibres,  cemented 
ttogether,  which  extend  from  the  ciliary  processes  to  the 
imargin  of  the  capsule  of  the  lens ;  and  bundles  of  these 
aalmost  always  adhere  to  the  ciliary  folds  in  sections  of 
tthis  region.    A  few  leucocytes  are  entangled  among 


VITREOUS. 

them  A  homogeneous  hyaloid  membrane,  limiting  the 
external  surface  of  the  vitreous,  has  been  descnbed, 
but  the  evidence  in  favour  of  its  existence  is  not  con- 
clusive The  hyaloid  canal  is  a  channel,  which  passes 
forwards  from  the  optic  disc  towards  the  posterior 
surface  of  the  lens  (Stilling). 


II.  Pathological  Conditions. 

HyaUtis  is  the  name  given  to  the  condition  in  which 
inflammatory  products  are  present  in  the  vitreous,  and, 
as  this  humour  is  apparently  entirely  passive  in  the 
process,  merely  suffering  invasion,  the  affection  is 
always  secondary  to  inflammation  of  the  surroundmg 
membranes. 

Plastic  Hyalitis.—Th.is  is  found  most  frequently  along 
with  cyclitis  or  after  wounds  involving  the  vitreous,  and 
its  histology  therefore  corresp'onds  so  far  with  that  ot 
cyclitis  or  cyclo-choroiditis.    Thus  some  part  of  the 
chamber  behind  the  lens  contains  inflammatory  exuda- 
tion, or  there  are  bands  of  wavy  fibres,  among  which  he 
blood-vessels  and  groups  of  round,  spindle-shaped,_and 
other  corpuscles  of  various  forms  and  sizes,  sometimes 
branched  and  occasionally  pigmented,  or  collections  of 
blood  corpuscles  with  partial  degeneration  or  organiza- 
tion, or  molecular  and  fatty  debris,  or  formations  of  bone. 
An  extensive  hasmorrhage  into  the  vitreous  with  hyali  is 
may  result  in  almost  complete  disappearance  of  the 
blood-clot,  only  a  little  granular  detritus  being  after- 
wards found,  or  in  a  new  fibro-cellular  formation.  A 
membranous  gro^vth  may  have  its  origin  i^J^^^e  °pjac 
disc  which  is  diseased  or  excavated,  or  may  be  situated 
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iin  the  neighbourhoocl  of  the  disc  with  retinitis.  A 
sshrunken  vitreous  is  often  enclosed  by  the  detached 
iTetina  in  the  fonn  of  a  funnel,  the  wide  base  of  which  is 
iiattached  about  the  ora  serrata,  while  the  apex  is  fixed 
aat  the  disc.  In  the  absence  of  the  lens,  as,  for  example, 
where  a  penetrating  wound  of  the  cornea  and  lens  has 
lied  to  the  destruction  of  the  latter,  synechia  or  adhesion 
l:between  a  newly  formed  inflammatory  tissue  and  the 
I'cornea  or  the  iris  may  be  found,  the  corneal  cicatrix 
bbeing  continuous  with  the  similar  fibrous  structure  in 
Tthe  vitreous. 

Pimdent  Hyalitis. — This  is  an  effect  of  suppuration 
oof  the  choroid  or  the  ciliary  body,  and  of  panophthal- 
mitis, or  it  follows  a  wound  of  the  vitreous.  The 
witreous  is  largely  infiltrated  with,  or  even  completely 
rreplaced  by,  an  accumulation  of  pus  cells,  among  which 
rthere  are  areas  -ivith  degeneration  and  fatty  granules. 
'IThe  process  may  have  culminated  in  perforation  of  the 
oDuter  tunics  of  the  globe  and  subsequent  cicatrization 
aand  contraction ;  or  it  may  have  become  chronic,  and 
tthe  eyeball  come  to  examination,  when  the  altered 
witreous  is  partially  replaced  by  fibrous  tissue,  containing 
aa  variety  of  cells,  such  as  branched  and  spindle-shaped 
rcorpuscles,  or  roundish  cells  with  two  or  more  nuclei. 

Soft  Vitreous  or  SyncMsis. — This  is  a  senile  change, 
B^r  it  accompanies  chronic  disease  of  the  uveal  tract ;  and 
p_n  the  midst  of  the  more  than  normally  fluid  humour 
here  may  be  discovered  minute  collections  of  cells,  or 
:ragments  and  films  of  fibrous  tissue,  or  granular  or 
pigmented  material.  In  syncUsis  sdntillans  plates  of 
iholesterine  occur,  and  also  acicular  crystals  of  tyrosin 
md  granular  globular  masses  of  phosphates  (Poncet). 
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The  Cysticercus  CeUxilosee,  or  scolex  o£  the  taenia 
solium,  has  been  observed  several  times  in  the  vitreous  ' 
as  well  as  in  the  aqueous  chamber  ;  and  microscopical 
examination  showed  the  ordinary  structure  of  the  para- 
site with  its  vesicle  and  neck  surmounted  by  a  head, 
furnished  with  four  lateral  discs  or  suckers  and  a 
ring  of  hooklets. 
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I.  Normal  Structure. 

TThe  optic  nerve  lias  two  enveloping  tubular  slieatlis, 
sseparated  from  one  another  by  the  inter-vaginal  space ; 
aand  from  the  inner  one  a  supporting  framework,  accom- 
ppanied  in  its  ramifications  by  numerous  blood-vessels, 
esxtends  throughout  the  nerve  itself.  These  protecting 
aind  sujDporting  tissues  are  composed  of  white  and  some 
cilastic  fibres,  in  the  midst  of  which  abundant  elongated, 
03val,  and  spindle-shaped  nuclei  are  seen  in  stained 
sspecimens  mounted  in  dammar.  The  trabecula?  are 
ODften  separated  from  the  enclosed  nervous  bundles  by 
ai  small  interval,  on  the  surface  of  which  oval  nuclei  of 
c^ells  can  sometimes  be  distinguished. 

The  nerve  fibres  are  medullated,  having  an  axis 
cylinder  surrounded  by  a  tube  of  the  white  substance 
DDf  Schwann.  They  are  said,  however,  to  possess  no 
[primitive  sheath,  or  sheath  of  Schwann,  outside  of  this 
((Schwalbe).  In  unstained  sections  of  hardened  nerves 
mounted  in  glycerine  they  are  very  opaque,  owing  to 
;bhe  presence  of  the  fatty  matter  of  the  medullary  sheath, 
und  the  bundles  are  bound  together  by  the  much  more 
■transparent  fibrous  framework.  In  stained  specimens 
mounted  in  dammar,  on  the  contrary,  the  trabeculaj, 
^which  take  on  the  dye,  while  the  fatty  matter  remains 
nearly  unafiected,  are  deeply  tinted,  and  enclose  the 
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clearer  nervous  elements.     In  longitudinal  sections 
almost  nothing  can  be  made  out  of  the  characters  of  the 
individual  fibres ;  but  transverse  sections  show  that 
they  are  of  various  thicknesses,  and  the  coloured  axis 
cylinders  appear  as  dots.    They  are  united  or  cemented 
together  by  the  neuroglia,  a  ground-substance  with 
fine  fibres  and  nucleated  corpuscles,  which  is  vei-y 
granular  in  preparations.    Its  nuclei  stain  readily,  and 
it  frequently  contains  clear  bodies  of  some  size.    I  he 
inner  sheath,  which  is  continuous  with  the  pia  mater,  is 
closely  applied  to  the  nerve,  and  is  comparatively  thm. 
Outside  of  it,  and  between  it  and  the  thicker  dense 
outer  sheath,  which  is  contimious  with  the  arachnoid 
and    dura   mater,   occurs    the    inter-vaginal  (sub- 
arachnoid) space,  an  interval  lined  .vith  epithehoid 
cells  and  crossed  by  a  loose  network  of  fibres  covered 
with  similar  cells.    These  fibres  are  in  branching  and 
re-uniting  fasciculi,  and  vary  in  amount  from  a  few 
scattered  cords  to  a  considerable  quantity,  which  re- 
semble minute  tendons,  the  cut  ends  of  which  are  often 
curled  up. 

In  transverse  sections  the  supporting  septa  or  tm- 
■  heeula^  form  continuations  of  the  inner  sheath,  passing 
inwards  and  dividing  the  nerve  into  irregular  areas  ot 
difi-erent  shapes  and  dimensions ;  in  longitudinal  sec- 
tions a  much  more  regular  arrangement  of  the  same 
framework  is  seen,  with  long  cords  running  length- 
ways and  giving  off  transverse  or  oblique  connectmg 

strands.  _        .  . 

The  artcria  centralis  retinae  with  its  vein  passes  n 
from  the  side  at  a  short  distance  behind  the  eyeball, 
and  then  proceeds  forwards  in  the  centre  of  the  nerve. 
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{accompanied  by  a  sheatk  of  connective  tissue.  The 
iwhole  nerve  is  richly  supplied  with  small  vessels  and 
(Capillaries. 

According  to  the  observations  of  Schwalbe,  Axel 
Key,  and  Retziiis,  there  is  an  elaborate  series  of  lym- 
jjjJicitic  spaces  throughout  and  around  the  nerve.  Thus, 
i inside  the  inner  or  pial  sheath  a  space  can  be  injected, 
(continuous  with  spaces  inside  the  trabeculge,  and  between 
tthe  trabeculee  and  the  bundles  of  nerve  fibres,  and  be- 
ttween  the  nerve  fibres  themselves.  Then,  besides  the 
i  inter- vaginal,  there  is  a  sub-dural  space,  lined  with 
t  endothelial  cells,  between  the  arachnoid  and  dura  mater, 
Ibut  not  seen  in  health  ;  and  in  addition  there  is  a  supra- 
^vaginal  space  outside  the  outer  sheath,  forming  a  con- 
ttinuation  of  the  cavity  enclosed  by  Tenon's  capsule 
ssurrounding  the  sclerotic. 

II.  Pathological  Conditions. 

Neuritis. — Under  this  heading,  inflammation  of  the 
f  extra-ocular  portion  only  of  the  optic  nerve  and  its 
jsheaths  is  here  considered,  although  clinically  the  name 
lis  applied  to  papillitis  or  inflammation  of  the  optic  disc, 
tthe  anterior  extremity  of  the  nerve,  where  it  passes 
iinto  the  retina,  that  part  alone  being  visible  during 
Uife.  Pathologically  the  diseases  are  distinct,  and  may 
(occur  quite  independently  of  one  another. 

It  is  an  interstitial  inflammation,  and  is  denoted  by 
tthe  presence  of  round  cells  in  the  connective  tissue ; 
ssections  show  the  leucocytes  surrounding  the  blood- 
wessels,  distributed  in  the  course  of  the  septa,  or,  in  a 
isevere  case,  diffused  through  the  whole  affected  extent 
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of  the  nerve.    In  stained  sections  mounted  in  dammar 
tlie  abnormally  numerous  roundisli  nuclei  are  prominent 
and  conspicuous.    If  tlie  slieatli  is  involved  in  tlie 
round-celled  infiltration,  this  constitutes  vaginitis;  and 
the  inner  sheath  is  more  frequently  attacked  than  the 
outer.    The  inflammation  may  be  accompanied  by  pen- 
neuritis,  or  by  distension  of  the  inter-vaginal  space  by 
serous  fluid  ;  and  different  forms  of  ijerinciiritis  have 
been  found,  in  which  in  the  interval  between  the 
sheaths  there   was    an   inflammatory   exudation  of 
fibrine  and  round  cells  or  of  pus.    In  the  fonner  or 
plastic  variety   some  formation  of  organized  fibrous 
tissue  may  occur,  and  the  space  be  partly  obliterated. 
Interstitial  neuritis  tends  to  the  production  of  such 
tissue  in  the  stem  of  the  nerve  itself,  with  consequent 
atrophy. 

Medullary  Netiritishas  been  described,  m  which  there 
were  granular  and  fatty  cells,  with  softening  and 
degeneration  of  the  nerve  fibres,  forming  a  gelatinous 
mass,  with  amyloid  bodies  (Tlirck). 

Atrophy  of  the  Optic   Nerve.  — This  condition 
follows  interstitial  inflammation,  and  another  cause^  of 
it  is  pressure  on  the  nerve,  as,  for  example,  by  an  orbital 
tumour.    Owing  to  the  increase  of  fibrous  tissue,  the 
trabecule  are  thickened  and  closer  together,  while  the 
nerve  fibres  are  either  simply  reduced  in  number  or 
size,  or  are  much  broken  up,  atrophied,  and  more  or 
less  destroyed.   The  diameter  of  the  nerve  is  ultimately 
greatly  diminished.    The  atrophy  may  be  limited  to 
some  zone  or  sector,  and  is  most  common  towards  the 
circumference ;  or  it  may  be  diffused,  and  the  nerve  be 
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rreplaced  by  a  comparatively  thin  fibrous  cord,  with 
agranular  and  fatty  debris  representing  the  remains  of 
rthe  nervous  elements. 

Grey  Degeneration  of  the  Optic  Nerve. — Here  the 
merve  is  somewhat  shrunken,  grey,  and  rather  gela- 
ttinous  in  appearance.  In  the  degenerated  portion, 
iwhich  stains  more  deeply  than  the  rest,  the  arrangement 
cof  the  bundles  is  so  far  preserved ;  but  the  fibres  have 
Host  their  medullary  sheath,  and  become  granular,  or 
tcheir  place  is  occupied  by  slender  transparent  fibrillte 
and  thickened  trabecute.  Fatty  particles  and  com- 
ppound  gi-anular  corpuscles  occur  in  the  earlier  stages ; 
amd  bright,  smooth,  glancing,  round  or  oval,  amyloid 
wodies  are  frequently  present  at  a  later  date  (Leber). 

Pigmentation  of  the  Optic  Nerve. — An  accumula- 
Lion  of  black  pigment  between  the  sheaths  round  an 
litrophied  nerve,  and  also  in  the  atrophied  nerve  and 
llisc  themselves,  has  been  seen  (Knapp). 
Tumours  of  the  Optic  Nerve  : — 
Sarcoma. — The  inter-vaginal  space  may  contain, 
and  be  distended  by,   sarcomatous  elements, 
forming  an  exjDansion  of  a  sarcoma   of  the 
choroid,  which  has  spread  backwards  along  the 
sheaths.    Intra-ocular  sarcoma  also  attacks  the 
stem  of  the  nerve. 
Glioma. — Glioma  of  the  retina  extends  backwards 
m  the  first  instance  along  the  substance  of  the 
nerve  itself  (Leber). 
Myxoma.— K  myxoma  or  myxo-sarcoma  of  the 
optic  nerve  consists  of  a  gelatinous  basis,  with 
connective-tissue  fibres  and  cells,  such  as  sphe- 
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roidal  and  stellate  corpuscles;  and  it  may 
undergo  cystic  degeneration  (Rothmund). 
M^oo'ovla.—Pevls  examined  a  tumour  of  the  optic 
nerve,  which  was  composed  of  grey  and  medul- 
lated  nerve  fibres  along  with  nucleated  cells 
and  was  surrounded  by  the  distended  sheaths  o: 
the  nerve. 
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I.  Normal  Structuee. 

ILn  studying  the  optic  disc  and  the  portion  of  the  fundus 
iwith  the  entrance  of  the  optic  nerve  into  the  eyeball, 
;bhe  most  useful  sections  are  those,  which  divide  the 
nerve  longitudinally,  and  show  the  adjacent  parts  of 
bhe  retina,  choroid,  and  sclerotic  cut  at  right  angles  to 
iheir  sui'faces. 

The  outer  sheath  passes  into,  and  blends  with,  the 
>3xternal  two-thirds  or  so  of  the  thickness  of  the  sclero- 
iic.  The  inner  sheath  in  a  similar  way  becomes  directly 
■continuous  with  the  remaining  internal  third  of  the 
icclerotic,  which  often  contains  a  considerable  number 
)i»f  pigmented  corpuscles  here  ;  and  it  also  helps  to  fonn 
the  lamina  cribrosa,  some  strands  passing  between  the 
)i)undles  of  nerve  fibres.  The  inter-vaginal  space  gener- 
iLUy  extends  further  in  than  the  outer  scleral  layers, 
imd  in  myopic  eyes  its  e.xtremity  may  bend  away  from 
Mie  nerve,  and  penetrate  for  a  short  distance  between 
hhe  portions  of  the  sclerotic,  with  which  the  sheaths 
lyecome  incorporated.  The  inner  third  of  the  sclerotic, 
Iherefore,  with  which  the  pial  sheath  is  united,  grasps 
lihe  nerve,  and  is  applied  to  it  more  closely  than  the 
rater  two-thirds,  for  the  latter  portion  is  separated  from 
Uie  nerve  by  the  inter-vaginal  space.  In  hyperme- 
rropic  eyes,  however,  this  space  may  terminate  at  the 
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level  o£  tlie  outer  surface  of  the  eyeball,  or  even  further 
back  than  that.    The  scleral  opening  is  wider  pos- 
teriorly than  anteriorly,  its  most  narrow  part  being 
ixnmediately  behind  the  choroid,  from  which  point  it 
widens  out  backwards;  and  across  the  front  portion 
there  is  stretched  the  lainma  crihrosa,  which  corre- 
sponds histologically  with  a  sudden  and  gTeat  increase 
in  the  amount  of  the  connective-tissue  framework  of 
the  nerve,  where  the  nerve  fibres  lose  their  white  sub- 
stance of  Schwann.    It  appears  in  sections  as  a  well- 
marked  pretty  thick  layer,  composed  of  numerous  band 
of  fibrous  tissue ;  and,  as  the  bundles  run  frequently  at 
right  angles  to  one  another  in  passing  across  the  open- 
ing, some  of  them  are  seen  cut  longitudinally  whi 
■others  are  cut  transversely,  and  form  rows  oi  dots.  _  It 
is  continuous  with  the  inner  scleral  layers  ;  and  deriv  s 
its  fibres  from  these  and  the  conjoined  inner  sheath, 
from  the  trabecule  of  the  optic  nerve,  and  sometmies 
to  a  small  extent  from  the  junction  of  the  choroid  and 
the  sclerotic,  where  there  are  some  circular  fibres,  i 
has  usually  a  slight  convexity  directed  backwards  bu 
.  few  scattered  fasciculi  in  the  anterior  part  of  the 
papilla,  in  front  of  the  choroidal  plane,  have  a  curved 
course  with  the  convexity  directed  forwa,rds,  as  the^ 
pass  inwards  towards  the  centre  from  the  choroido- 
Lleral  j-ction  and  outwards  from  the  adventitia 
the  cenLl  vessels.    Transverse  sections  o   the  opt^o 
nerve  at  the  level  of  the  lamina  cribrosa  sl^ow  this  as 
Tdenser  plate  of  the  trabecular,  the  bundles  bemg 
thicker,  closer  together,  and  enclosing  smaller  spaces 

than  further  back.  , 
The  ncn-c  becomes  thinner,  as  it  passes  through  the 
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ssclerotic ;  and,  when  the  lamina  cribrosa  is  reached,  it 
ssuddenly  diminishes  in  diameter,  as  the  fibres  lose  their 
imedullaiy  sheaths,  only  the  slender,  more  transparent, 
iiand  easily  stained  axis  cylinders  passing  in  bundles 
['forwards  through  the  cribriform  membrane,  accom- 
ipanied  by  a  little  clear  material  of  the  neuroglia.  The 
Iboundary  line  between  the  part  with  and  the  part 
writhout  the  white  substance  of  Schwann  varies  in  form 
im  different  eyes.  According  to  Alt,  in  high  degrees  of 
liiiypermetropia  it  is  funnel-shaped,  the  apes  of  the 
irannel  being  directed  backwards  and  situated  in  the 
fcentre  of  the  nerve  some  distance  behind  the  level  of 
tbhe  posterior  surface  of  the  sclerotic,  while  the  base  or 
ri-im  of  the  funnel  is  at  the  circumference  of  the  nerve  in 
!ii  line  with  the  outer  scleral  layers.  In  high  degrees  of 
myopia,  on  the  other  hand,  the  boundary  line  runs 
!6traight  across,  or  bends  somewhat  towards  the  front, 
iind  is  placed  as  far  forwards  as  the  inner  surface  of  the 
?bhoroid. 

The  opening  in  the  choroid  is  in  some  cases  smaller 
than  that  in  the  sclerotic,  and  in  sections  its  edges 
i>pproach  nearer  one  another  ;  but  at  other  times  it  is 
aarger  than  the  scleral  gap,  the  edges  of  which  are  then 
without  an  anterior  choroidal  covering.  Portions  of 
Dlood-vessels  are  frequently  seen  in  this  region,  as  the 
•l;hort,  posterior  ciliary  vessels  traverse  the  sclerotic  to 
coin  the  choroid. 

About  the  middle  of  the  nerve  lies  the  arteria  centralis 
retince  with  its  vein,  embedded  in  connective  tissue ; 
imd  in  fortunate  preparations  their  branches,  which 
usually  reach  the  anterior  surface  of  the  disc,  curve  to 
Lhe  sides,  and  portions  of  them  are  seen  in  the  nerve- 

I  2 
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fibre  layer  of  the  retina.  Offshoots  from  the  artensB 
ciliares  posteriores  breves  may  pass  into  the  nerve  at 
the  lamina  cribrosa  from  the  vascular  ring  of  Haller, 
which  surrounds  it  at  this  part. 

In  front  of  the  lamina  cribrosa  the  nerve  fibres  along 
with  some  connective-tissue  elements  bend  to  the  sides, 
in  faintly  distinguishable  bundles,  to  form  the  inner 
or  anterior  portion  of  the  retina.    This  is  the  ophc  d^sc, 
the  papilla  nervi  optici,  and  its  diameter  corresponds 
with  that  of  the  terminal  portion  of  the  nerve.    As  all 
the  nerve  fibres  of  the  retina  are  present  at  the  disc, 
and  as  they  gradually  decrease  in  number  towards  he 
periphery,  the  thickest  portion  of  this  layer  is  next  the 
disc   and  in  vertical  sections  this  in  some  instances 
shows  a  slight  prominence;  but  in  other  eyes  there  is 
no  such  perceptible  elevation  above  the  suiTOundmg 
retina.    There  is  generally  a  nearly  central  depression 
of  very  variable  size;  and,  although  this  is  commonly 
merely  a  shallow  indentation,  it  may  be  of  some  depth, 
and  constitute  a  "  physiological  cup  "  or  hollow  extend- 
in^  backwards.    In  such  cases  the  outer  layers  of  the 
retina,  it  may  be  noticed,  do  not  reach  the  margin  of 
the  scleral  opening  ;  but  form  a  curved  or  ^^oping  edge 
the   anterior  layers   ceasing  f-^^-/--'  ^^^J^^^^^ 
posterior  ones  extending  nearer  to,  the  centre,  while 
the  individual  layers  similarly  become  thinner  as  they 
approach  this  point.    In  other  eyes  the  border  of  the 
Sna  terminates  much  more  abruptly,  and  the  various 
Wers  are  somewhat  suddenly  rounded  off.    Schwa  be 
observed  that  the  side  furthest  from  the  macula  lutea 
has  a  more  sloping  margin  than  that  opposite  to  it. 
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II.  Pathological  Conditions, 

CEdema  of  the  Optic  Disc. — An  cedematous  disc  is 
swollen,  and  projects  forwards  as  a  rounded  mass 
bDeyond  the  level  of  the  retina,  having  generally  a  wide, 
sihallow,  central  depression,  where  the  blood-vessels 
center,  between  the  more  prominent  margins.  It  con- 
-iists  of  the  nerve-fibre  layer,  the  strands  and  bundles 
ibf  which  are  pushed  asunder,  so  that  the  tissue  is 
fppongy,  and  even  forms  a  loose  network  in  some 
nlaces,  the  little  spaces  being  either  empty  or  filled 
mth  a  granular  coagulum  of  serous  fluid.  The  blood- 
rressels  may  be  found  distended  with  blood-clot,  and 
Ihe  outer  layers  of  the  retina  displaced  from  the  edge 
M  the  disc  by  the  greatly  thickened  nerve-fibre  layer, 
which  bulges  outwards  over  the  internal  surface  of  the 
"khoroid  round  the  opening  in  that  membrane. 

Papillitis  or  Optic  Neuritis. — In  this  affection  there 
S3  interstitial  inflammation.  The  disc  is  cedematous 
imd  swollen,  so  that  it  projects  forwards ;  and  there  is 
itsually  a  central  depression,  although  this  exaggera- 
ition  of  the  physiological  cup  is  often  wanting.  The 
eessels  are  more  or  less  surrounded  with  leucocytes, 
nn  accumulation  of  which  may  distend  their  sheath; 
md  the  nerve  fibres  have  a  looser  arrangement  than 
Iitie  noi-mal  one.  They  may  appear  swollen,  and  some 
i.iay  have  fusiform  thickenings  in  their  course,  filled 
iTith  granules  (Pagenstecher).  Among  them  there  is 
m  infiltration  of  round  cells,  either  localized  at  certain 
ipots  or  more  extensively  diffused.  A  similar  collec- 
idon  of  inflammatory  cells  occurs  about  the  lamina 
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cribrosa,  wliich  may  seem  tliickened  ;  and  the  numerous 
nuclei  are  prominent  objects  in  stained  specimens 
mounted  in  dammar.  The  plane  of  the  lamina  cribrosa 
is  sometimes  altered;  thus  the  fibres  bulge  decidedly 
backwards  or  only  some  of  them  take  this  direction, 
or  the  anterior  layers  are  pushed  forwards.  Haemor- 
rhages occur ;  and  the  blood  corpuscles  lie  about  the 
vessels,  or  among  the  nerve  fibres,  or  the  remams  of 
extravasations  are  present  as  collections  of  blood- 
pigment. 

The  retina  is  most  frequently  displaced  from  the 
edge  of  the  scleral  opening  by  the  swelling  of  the 
nerve-fibre  layer  here,  the  outer  portion  of  the  greatly 
thickened   and   spongy    tissue   spreading  over  the 
surrounding  choroid,  and  so  canying  the  external 
layers  of  the  retina  before  it.    The  nuclear  layers  may 
seem  thickened  or  be  blended  ;  and  the  retma  m  the 
immediate  neighbourhood  of  the  disc  is  somewhat 
detached,  and  looks  as  if  lifted  up  from  the  choroid  by 
the  papilla,  a  small  quantity  of  coagulated  granular 
material  occupying  part  of  the  space  which  mtei-venes 
between  the  membranes.    The  outer  surface  of  the 
retina  in  this  region  has  frequently  a  series  of  projec- 
tions or  folds,  and  in  sections  these  prominences  give 
it  a  wavy  outline,  some  of  the  sub-retinal  coagulum 
generally  adhering  between  the  undulations.  ihe 
pigmented  epithelimn  may  be  absent  at  the  edge  of  the 
disc  behind  the  swelling,  which  has  overlapped  the 
choroidal  surface,  and  then  there  is  a  little  accumula- 
tion of  pigment  at  the  margin  of  the  displaceonent, 
while  some  pigmented  cells  and  free  particles  of  pig- 
ment occur  between  the  external  retinal  folds  and 
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aamong  the  coagulated  substance  on  the  surface  of  the 
Lchoroid. 

Wlien  the  retina  also  is  inflamed,  the  condition  is 
liknoAvn  as  nmro-retinitis. 

Atrophy  of  the  Optic  Disc— In  an  atrophied  disc, 
whether  resulting  from  the  interstitial  inflammatory 
eexudation  of  papillitis,  or  forming  part  of  the  effects  of 
aa  more  widespread  though  local  affection  like  choroido- 
rretinitis,  or  accompanying  disease  elsewhere  either  in 
tthe  brain  or  spinal  cord,  cicatricial  tissue  has  usurped 
ithe  place  of  the  nerve  fibres.  The  disc  has  suffered  from 
rthe  formation  and  contraction  of  fibrous,  with  disappear- 
ance of  nervous,  tissue.  When  the  atrophy  is  advanced 
iiand  complete,  the  surface  of  the  disc  has  a  shallow 
eexcavation  with  a  sloping  floor,  and  the  fibrillated  fabric 
fforms  a  rather  thin  layer  in  front  of  the  lamina  cribrosa 
oof  variable  density,  in  which  the  blood-vessels,  if  seen, 
aare  found  to  be  narrowed,  with  their  walls  thickened 
aand  their  lumen  diminished  or  obliterated.  The  exca- 
wation  extends  to  the  level  of  the  cribriform  membrane, 
land  this  may  show  increase  in  thickness  and  density  ; 
tbut  its  position  remains  normal.  The  area  of  the  disc 
iis  sometimes  lessened,  or  only  part  of  it  may  be  affected 
\with  atrophy  and  contraction,  and  occasionally  the 
neighbouring  choroid  is  wasted. 

A  former  dislodgement  of  the  retina  from  the  edge 
ojf  the  disc  by  the  swelling  of  the  latter  may  be  found 
reepresented  in  post-papillitic  atrophy  by  a  permanent 
tllisplacement  at  this  spot,  by  means  of  a  mass  of  connec- 
trive  tissue  in  place  of  the  swollen  nerve-fibre  layer 
(Tagenstecher). 

In  some  shrunken  eyes  the  diameter  of  the  optic 
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nerve  at  its  entrance  is  reduced,  althougli  tlie  nerve 
fibres  appear  normal  or  merely  slightly  less  in  quantity ; 
in  other  instances,  even  where  extensive  and  destructive 
changes  have  occurred  in  the  globe,  the  nerve  seems 
normal  as  far  forwards  as  the  posterior  boundary  of  the 
lamina  cribrosa ;  but  throughout  this  membrane  and  in 
front  of  it  there  is  wasting  of  the  nervous  elements  and 
excess  of  fibrous  tissue. 

Chronic  inflammatory  products  now  and  then  are 
present  on  the  anterior  surface  of  the  disc ;  and  the 
adjacent  portion  of  the  vitreous  becomes  the  seat  of  a 
connective-tissue  formation,  into  which  vessels  extend, 
so  that  an  atrophied  disc  may  be  occupied  or  covered 
by  a  small  growth,  which  projects  forwards  into  the 
vitreous  chamber. 

When  there  has  been  increased  intra-ocular  ten- 
sion, there  are,  besides  atrophy,  other  characteristic 
alterations  in  the  disc,  which  are  described  under 
"  Glaucoma." 

Optic  Disc  in  Glaucoma.— The  changes  found  in  the 
ciliary  region  in  sections  from  cases,  which  have  reached 
an  advanced  stage  of  glaucoma,  have  been  already  men- 
tioned. The  alterations  found  at  the  same  time  at  the 
disc  are  marked  and  distinctive.  The  whole  extent  of 
the  disc  is  hollowed  out  into  a  cup  of  variable  size, 
depth,  and  shape ;  and  this  is  called  a  glaucomatous 
excavation.  It  looks  as  if  the  surface  of  the  disc  had 
sunk  backwards  behind  the  level  of  the  retina  ;  and  the 
lamina  cribrosa,  which  maybe  thickened,  or  more  dense 
than  usual,  or  reduced  to  a  thin  layer,  seems  pushed 
backwards  to  a  smaller  or  greater  extent,  even  perhaps 
beyond  the  level  of  the  posterior  surface  of  the  sclerotic. 
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There  are  sometimes  inequalities  in  the  depth  of  the 
excavation  at  different  jDarts.    The  nerve-fibre  layer  is 
wasted  and  much  thinned  over  the  floor  and  sides  of 
I  the  depression.    The  walls  of  the  hollow  are,  as  a  rule, 
I  undermined,  the  diameter  at  the  mouth  of  the  cup 
i  being  somewhat  less  than  at  a  short  distance  further 
I  back,  and  those  nerve  fibres  which  are  left  make  a  sharp 
Ibend,  as  they  pass  round  this  overhanging  edge.  If 
tthe  blood-vessels  happen  to  be  present  at  this  part  of 
rthe  section,  they  lie  behind  the  projecting  margin  of 
rthe  opening,  and  make  a  similar  sudden  bend  round 
lit.    They  are  often  seen  situated  in  a  slight  promi- 
rnence,  of  which  they  form  the  bulk,  projecting  from 
rthe  general  level  of  the  walls  or  floor.    In  some  in- 
sstances,  while  the  edge  is  conspicuously  overhanging  at 
cone  side  of  the  disc,  it  is  less  so,  or  not  at  all  so,  at  the 
oother  side,  or  the  wall  may  descend  as  a  steep  slope  to 
rthe  floor  of  the  excavation.    The  nerve  fibres  outside 
tthe  lamina  cribrosa  are  occasionally  atrophied,  as  after 
iinterstitial  neuritis,  with  thickening  of  the  fibrous 
fframework  and  the  inner  sheath ;  and  delicate  connec- 
ftive  tissue  sometimes  covers  the  surface  of  the  cup  or 
|ioart  of  it.    There  may  be  a  second  smaller  cup  in  the 
lloor  of  the  main  one  ;  and  this  arises  apparently  from 
mdening  of  the  passage  of  the  central  vessels. 

The  choroid  in  the  immediate  neighbourhood  may  be 
|  [uite  normal,  or  contain  a  few  extra  round  cells ;  but 
ss  usually  atrophied,  and  the  pigmented  epithelium  is 
vranting. 

The  retina  about  the  disc  may  be  oedematous, 
Ihickened,  or  somewhat  thinned  and  atrophied  ;  or  it 
naay  show  complete  detachment,  and  proceed  forwards 
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from  some  part  of  the  cup  as  a  fibrous  cord.  The 
clrao-ging  forwards  of  the  papilla  by  a  detached  retma 
may  mask  or  prevent  an  excavation  m  glaucoma 

At  the  side  of  the  disc  a  posterior  staphyloma  is 
sometimes  present ;  and,  when  the  glaucoma  has  been 
produced  by  an  intra-ocular  tmnour,  such  as  a  sarcoma 
of  the  choroid,  the  excavation  may  be  covered  over  or 
filled  np,  by  the  growth  pushing  the  detached  retina 
before  it. 

In  ha3morrhagic  glaucoma  minute  miliary  aneurisms 
of  the  small  blood-vessels  and  capillaries  ot  the  retma 
with  thin  walls  have  been  observed. 

Connective-tissue  Formation  on  the  Optic  I>isc.--A 
rather  uncommon  condition  of  the  disc  occurs  m  which 
there  is  a  vascular  connective-tissue  growth,  arismg 
from  the  papilla  or  its  neighbourhood  and  extendmg 
into  the  44ous.    A  loose  network  of  fibres  encloses 
large  spaces,  and  may  have  masses  of  dark  pigment,  or 
pigmented  cells,  or  free  brown  particles  thi;oughout  it. 
The  course  of  the  fibrous  bundles  is  irregular,  and  the 
spaces  are  empty,  or  filled  with  finely  gi-anular  ma  enal 
collections  of  blood-vessels,  or  compact  accmnulations 
of  blood  corpuscles.     The  blood-vessels  in  such  area^ 
which  may  fonn  a  considerable  proportion  of  the 
growth,  are  thin-walled  and  very  numerous.  Smal 
Ltravasations  may  be  found,  or  the  traces  of  form 
hemorrhages  as  -ddish-brown  molecular  masses,  o 
pigmented  nucleated  cells,  such  as  result  from  the 
absorption  and  degeneration  of  blood  conmscles  m  eel 
elsewLre.    Many  large,  nucleated,  .-nulai^  s^^^^^^^^ 
corpuscles  are  scattered  about,  and  also  cells  which 
have  undergone  partial  degeneration  and  destruction. 
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An  amorphous  substance  with,  many  molecules  or  fibres 
is  arranged  somewhat  concentrically  round  some  of  the 
spaces,  the  successive  layers  being  separated  at  intervals 
by  fatty  debris  and  cells  of  various  shapes.  The  margins 
of  such  a  gi-owth  may  spread  as  a  membrane  beyond 
the  disc,  and  either  terminate  in  a  free  border  over- 
lapping the  retijia,  or  be  attached  to  the  inner  surface 
of  the  latter  here  and  there,  and  finally  merge  with 
that  structure,  which  is  in  such  cases  diseased  and 
degenerated. 
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KETINA. 
I.  Normal  Structure. 

The  retina  consists  of  several  layers,  wliicli  are  easily 
clistingmslied  in  a  vertical  section.  These  are,  in  order 
from  witHn  outwards,  the  membrana  limitans  interna, 
the  nerve  fibres,  the  ganglionic  nerve  cells,  the  internal 
molecular,  internal  nuclear,  external  molecular,  and 
external  nuclear  layers,  the  membrana  limitans  externa, 
the  rods  and  cones,  and  the  pigmented  epithelium. 
The  fibres  of  Miiller  pass  vertically  between  the  two 
limiting  membranes. 

The  nomenclature  of  the  retina  is  very  confusing, 
owing  to  the  variety  of  names  applied  to  several  layers 
in  different  books ;  and  a  note  of  the  most  common  of 
these  may  prove  convenient : — 

The  membrana  limitans  interna  is  spoken  of  as  the 

limitans.  . 
The  fibres  of  Miiller  are  called  the  radial  or  radiating 

The  ganglionic  nerve  cells  are  called  the  gangUon 
cells  or  simply  the  nerve  cells. 

The  rods  and  cones  form  the  bacillary  layer  or  Jacob  s 

membrane. 

The  pigmented  epithelium  is  known  as  the  pigmen- 
taiy  layer,  the  hexagonal  pigment,  the  hexagonal  pig- 
mented cells,  or  the  hexagonal  pigmented  epithelium. 
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None  of  these  terms  can  lead  to  doubt  as  to  the 
tissue  indicated ;  but  with  the  intervening  four  layers 
great  uncertainty  is  apt  to  arise;  and,  as  the  terms 
hrst  given  are  apparently  those  most  widely  used,  they 
are  the  ones  employed  here. 

The  internal  or  inner  molecular  is  called  the  inner  or 
internal  granular,  the  finely  granular,  and  the  internal 
:  granulated  layer. 

The  internal  or  inner  nuclear  is  called  the  internal 
(Or  inner  granular,  the  inner  nuclei,  and  the  internal 
I  granule  layer. 

The  external  or  outer  molecular  is  called  the  inter- 
I  nuclear,  the  middle  granular,  the  inter-granular,  the 
'  outer  or  external  granular,  and  the  external  granulated 
i  layer. 

The  external  or  outer  nuclear  is  called  the  external 
'  or  outer  granular,  the  outer  nuclei,  and  the  external 
!  granule  layer. 

The  pigmented  epithelium  has  been  already  described 
iin  connection  with  the  choroid. 

The  relations  of  the  different  elements  are  most  satis- 
tfactorily  studied  in  vertical  sections ;  and  considerable 
\variations  in  their  appearance,  thickness,  and  relative 
1  proportions  are  met  with  in  different  regions  and  in 
I  different  eyes.  In  specimens  mounted  in  glycerine  the 
sstructure  is  comparatively  fibrous,  owing  to  the  abuu- 
rdant  delicate  fibrillaa  coursing  throughout  it,  mostly  in 
iia  vertical  direction;  and  the  bright  nuclei  are  con- 
sspicuous,  appearing  like  clear  round  cells.  In  other 
sspecimens  mounted  in  the  same  way,  the  ground-work 
iis  more  granular,  close  inspection  showing  that  tliis 
rresembles  a  most  minutely  spongy  tissue  with  ex- 
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ceedingly  fine  and  intricate  meandering  septa,  suggest- 
ing collections  of  particles  wliere  they  are  cut  across. 
In  tlie  great  majority  of  cases  little  or  nothing  can  be 
made  out  of  the  nerve  cells,  and  it  is  only  in  verj^ 
fortunate  instances  indeed  that  their  connections  and 
processes  can  be  traced  for  any  distance.    The  rods 
and  cones  always  show  some  post-mortem  changes,  even 
in  sections  where  the  other  elements  are  beautifully 
preserved;  they  are  softened  and  broken  down,  or 
confused  together,  or  form  a  granular  mass,  in  which 
only  a  vague  indication  of  their  former  structui-e  can  be 
distinguished,  or  they  are  entirely  absent.    It  seems, 
therefore   that  little  reliance   can  be  placed  upon 
elaborate'  descriptions  of  pathological  alterations  m 
this  layer  found  in  sections.     In  stained  specimens 
mounted  in  dammar  or  Canada  balsam,  much  of  the 
fibrillated  appearance  of  the  retina  is  lost,  most  of 
the  fibres  seen  being  those  of  Mliller.     Here  agam 
the  nuclear  layers  are  prominent,  for  they  take  on 
the  dye  readily;  the  nuclei  of  corpuscles  among  the 
nerve  fibres  are  also  deeply  stained,  as  well  as  those 
of  the  nerve  cells.   When  double  staining  with  magenta 
and  iodine  gTeen  is  employed,  the  nuclei  become  green 
and  the  rest  of  the  retina  red. 

The  larger  Uood-vessels,  which  are  branches  of  the 
central  vessels  seen  at  the  disc,  are  fomid  abnost 
entirely  among  the  nerve  fibres,  and  capillaries  are 
found  here  and  also  nearer  the  outer  surface,  but  not 
beyond  the  eternal  molecular  layer.  The  vessels  are 
surrounded  by  a  peri-vascular  lymphatic  sheath  which, 
according  to  Schwalbe,  can  be  injected  from  the  lym- 
phatics of  the  optic  nerve. 
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The  fibres  of  Mi'dler  are  the  most  prominent  parts  of 
a  supporting  matrix,  wliicli  pervades  the  retina.  They 
nm  in  a  vertical  direction  between  the  inner  and  outer 
surfaces,  and  in  sections,  where  the  nerve  fibres  have 
been  cut  longitudinally,  collections  of  the  radial  fibres 
form,  at  intervals,  columns,  which  are  clearly  defined 
and  fairly  straight  in  this  layer,  with  expanded  bases 
spreading  towards  each  other  at  the  inner  surface.  In 
sections  mth  the  nerve  fibres  cut  transversely,  the  fibres 
of  Miiller  do  not  present  such  a  regular  arrangement, 
appearing  rather  as  an  irregular  network  between  the 
nervous  bundles.    Although  many  of  them  are  almost 
immediately  lost  sight  of,  some  of  them  can  be  traced 
I  outwards,  after  passing  between  the  nerve  cells,  in  the 
internal  molecular  and  internal  nuclear  layers,  ceasing 
;  to  be  distinguishable  in  the  external  molecular  or  the 
I  external  nuclear  layer,  while  others  can  occasionally  be 
I  observed  penetrating  through  even  this  outer  region  to 
1  their  termination  in  the  memhrana  liniitans  externa.  As 
ia  rule,  o^ying  to  their  delicacy  and  the  intricacy  of  the 
(tissue,  it  is  not  possible  to  demonstrate  direct  continuity 
(of  the  individual  fibres  to  any  great  length,  though 
sslender  bundles  can  be  followed  longer.    Their  minuter 
(details  can  be  examined  at  cracks  and  breaks  in  sections, 
cor  where  oedema  has  loosened  the  structure  ;  and  in  such 
iplaces  it  is  seen  that  they  give  off  fibrillaj  and  ex- 
rquisitely  fine  lamellae  in  their  course,  especially  in  the 
muclear  layers,  which  bind  the  various  elements  together. 
INear  the  inner  conical  base  there  is  sometimes  a  nucleus, 
aand  a  nucleus  is  connected  with  them  as  they  penetrate 
rthe  internal  nuclear  layer.    Their  inner  extremities 
constitute  the  memhrana  limitans  interna,  which  bounds 
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the  retina  next  the  ritreou*,  and,  when  the  surface  of 
this  is  stained  with  silver,  it  shows  a  pattern  of  dark 
lines,  recalling  an  epithelioid  or  endothelial  layer  of 
cells,  the  substance  which  cements  the  fibres  together 
beino-  darkened.  The  markings,  which  are  due  to  the 
distribution  of  the  ends  of  the  radial  fibres,  are  verj- 
irregular,  and  oyer  the  vessels  the  enclosed  spaces  are 
smaller  than  elsewhere,  and  in  some  parts  are  slightly 
elongated  across  the  path  of  the  vessel. 

The  nerve  fibres  are  destitute  of  a  medullary  sheath, 
and  this  layer,  which  diminishes  in  thickness  from  the 
disc  to  the  ora  serrata  or  anterior  margin  of  the  retina, 
is  a  collection  of  thin  fibres  of  different  diameters, 
running  parallel  with  the  surface,  and  in  their  course 
sometimes  exhibiting,  under  a  Hgh  power,  varicose 
thickenings,  which  are  apparently  artificial.  Some  s  pa- 
ration  into  bundles  is  observed  in  sections  m  whicli  the^ 
are  cut  across.    They  are  the  continuations  of  the  axis 
cylinders  of  the  optic-nerve  fibres,  mixed  mth  nem-ogha 
oflch  connecting  substance  veiy  little  .s  seen  excei. 
the  nuclei  of  its  corp-cles  in  stained  preparations^ 
Scattered  round  lymphoid  cells  occur  m  it  and  n 
stained  sections  some  branched  fibres  are  ^und  ^^^^^^^ 
have  taken  a  deeper  colour  than  the  othei.  and  pu^sn 
a  horizontal,  an  oblique,  or  a  vertical  path  fo    a  con 
siderable  distance,  showing  thicker  and  ^n^  l-^-^ 
The  ganglionic  nerve  cells  foi-m  a  single  layei  of  laige 
and  usually  multipolar  nucleated  bodies  of  vaijxng  siz 
nd  Ipe.'  Theylre  generally  very  badly   e  n.d  a 
it  is  only  in  specially  successful  specimens  that  the> 
a:be  reLgnizld,their  former  situation  bemgfr^^^^^^^^^^^ 
empty  or  partially  occupied  by  some  debris,  m  which  a 
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nucleus  is  occasionally  noticed.  If  well  preserved,  they 
;  are  granular,  and  possess  a  large  round  nucleus  with  a 

nucleolus  ;  and,  while  one  pole  or  process  seems  to  extend 
:  inwards  among  the  nerve  fibres,  amongst  which,  however, 
lit  can  be  only  very  shortly  traced,  other  poles  pass 
1  outwards  and  branch.    Mingled  with  the   fibres  of 

Miiller,  these  can  be  occasionally  followed  over  a  greater 
I  or  smaller  area,  and  many  such  fibres,  some  of  which 
I  may  be  nervous,  pass  outwards  without  being  obviously 
( connected  with  the  ganglionic  nerve  cells.  About  the 
( cells  the  tissue  is  often  looser,  with  empty  spaces,  and, 
i  as  this  layer  encroaches  partly  on  the  one  outside  of  it, 
I  the  boundary  between  them  is  uneven,  and  the  cells 
iseem  partially  embedded  in  the  internal  molecular  layer. 

The  internal  molecular  layer  is  composed  of  exceed- 
iingly  delicate  and  short  fibrillas  matted  together,  and 
i having  the  appearance  of  small  molecules  or  particles  in 
ssections.  It  resembles  a  finely  granular,  amorphous, 
Lground  substance,  or  a  spongy  basis,  with  here  and  there 
ca  more  definite  arrangement  of  little  threads  distributed 
Hike  a  mesh-work.  There  are  a  few  nuclei  present,  and 
(through  it  some  radial  fibres  pass,  while  others  are  lost 
iin  the  maze. 

The  internal  nuclear  layer  consists  chiefly  of  trans- 
iparent  bodies  of  various  shapes  and  sizes,  which  are 
imostly  spherical,  though  some  are  oval,  or  appear  even 
t  fusiform,  from  the  presence  of  cell-substance  enveloping 
tthem.  After  staining  they  are  granular,  and  show 
nnucleoli.  Among  them  are  seen  fibres  of  Miiller,  to 
\which  some  of  them  belong ;  but,  for  the  most  part, 
tbhey  are  the  nuclei  of  bipolar  cells  or  elongated  spindles' 
tfche  processes  of  which  extend  between  the  two  mole- 
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cular  layers.  The  nuclei  here  are  larger  tlian  those  of 
the  external  nuclear  layer ;  but,  as  there  are  fewer  of 
them,  the  band,  which  they  form  in  sections,  is  not  so 
broad.  A  cementing  or  supporting  substance,  con- 
nected with  the  radial  fibres,  pei-meates  the  layer. 

The  external  molecular  layer  agrees  in  its  composition 
with  the  internal  one;  but  it  is  thinner,  and  its 
boundaries  are  better  defined. 

The  external  nuclear  layer  also  corresponds  so  far  | 
with  the  internal  one  ;  but  it  is  thicker,  and  the  nuclei 
though  smaller,  are  more  numerous  and  closely  packed 
together,  in  some  cases  also  staining  more  deeply. 
They  often  appear  round,  but  some  are  oval,  and,  m 
other  instances,  they  almost  all  seem  fusiform  from  the 
substance  of  the  fibre,  in  a  swelling  of  which  they  are 
embedded,  or  only  a  few  have  this  shape,  while  at  the 
outer  surface  for  a  similar  reason  some  are  often  found 
to  be  conical,  the  base  of  the  cone  resting  on  the  mem- 
brana  limitans  externa.    They  belong  mostly  to  vertical 
fibres,  distally  connected  with  the  rods  and  cones;  and 
the  nuclei  of  the  cone  fibres  are  near  the  membrana 
limitans  externa,  those  of  the  rod  fibres,  on  the  other 
hand,  forming  the  inner  strata.    This  layer  occasionally 
in  the  fundus  has  a  division  into  two  parts,  the  outer 
one  being  studded  with  the  nuclei  as  just  described,  and 
the  inner  one  consisting  of  bundles  of  fine,  wavy,  ver- 
tical fibres,  unobscured  by  the  presence  of  nuclei,  and 
forming  pillars,  starting  from  the  external  molecular 
layer  and  losing  themselves  among  the  nuclei  or  being 
directly  continuous  with  them.    Some  similar  fibres  are 
prolongations  of  the  fibres  of  Muller,  but  such  a  con- 
nection is  only  exceptionally  detected. 
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The  rarity  of  finding  the  rods  and  cones  in  a  state  of 
good  preservation  in  sections  lias  been  already  men- 
tioned, and  few  specimens  are  satisfactory ;  bnt  occa- 
sionally somewhat  rod-shaped  or  club-like  bodies  are 
visible,  and  even  a  division  into  outer  and  inner  seg- 
ments. The  following  points  have,  however,  been 
ascertained  by  special  methods  of  preparation,  such  as 
the  use  of  osmic  acid  for  hardening.  They  have  each 
an  outer  and  an  inner  segment :  in  the  case  of  the  rods, 
the  outer  one  is  cylindrical,  and  the  inner  one,  which  is 
of  about  the  same  length,  but  broader,  bulges  slightly 
in  the  middle  ;  in  the  case  of  the  cones,  both  segments 
are  conical,  and  the  more  slender  outer  one  is  shorter 
than  the  outer  segment  of  a  rod.  The  external  seg- 
ments of  the  rods  appear  striated  longitudinally  on  the 
surface,  and  a  similar  linear  marking  is  present  on  the 
inner  segments  of  both  rods  and  cones.  The  outer 
segments  of  both  kinds  break  up  in  fresh  specimens 
into  discs.  Schultze  asserts  that  the  inner  segments 
are  directly  connected  with  rod  and  cone  fibres  and 
nuclei  respectively. 

Macula  Ltitect. — The  retina  is  thicker  at  this  spot, 
and  sometimes  contains  diffused  yellowish  pigment.  In 
the  centre  there  is  a  wide  and  deep  depression  on  the 
anterior  surface,  the  fovea,  centralis.  The  rods  are 
almost  entirely  wanting  (Henle),  and  the  inner  part  of 
the  external  nuclear  layer  is  therefore  formed  of  the 
cone  fibres,  the  path  of  which  corresponds  pretty 
much  with  the  sloping  walls  of  the  fovea.  The 
fibres  of  Miiller  have  a  similar  course  through  the 
retina  here.  According  to  Schultze,  there  are  several 
layers  of  bipolar  ganglionic  cells  at  the  macula,  and 
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towards  the  fovea  the  rods  disappear,  leaving  only 
cones,  which  are  longer  and  thinner  than  elsewhere. 
The  other  layers  become  greatly  reduced  in  thickness 
towards  the  centre  of  the  hollow,  until  there  are 
only  cones,  the  membrana  limitans  externa,  and  the 
external  nuclear  layer,  having  anteriorly  some  fibres 
and  nuclei  representing  the  remaining  retinal  layers. 

Ova  ^eJTftto.— Towards  the  notched  and  dentated 
anterior  border  or  periphery  of  the  retina,  the  ora  ser- 
rata  the  thickness  of  the  individual  layers,  and  there- 
fore'of  the  membrane  as  a  whole,  gradually  dimimshes. 
Then,  just  at  the  edge,  the  elements  become  merged  m 
a  fabric  with  fibres  running  in  all  directions,  among 
which  nuclei  are  scattered  irregularly.  This  suddenly 
ceases,  and  is  rounded  off  at  the  junction  with  the  pars 
ciliaris  retinae. 

II.  Pathological  Conditions. 

CEdema  of  the  Retina.— When  a  portion  of  the 
retina  at  the  fundus  is  afiPected  with  oedema,  its  thick- 
ness is  augmented  ;  and,  in  place  of  a  compact  arrange- 
ment, there  is  a  loose  tissue.    As  a  rule,  however,  the 
alterations  are  not  diffused  through  all  the  strata;  but 
are  confined  to,  or  most  manifest  in,  the  nuclear  layers, 
in  which  there  are  relatively  large  spaces,  empty  in 
sections,  and  separated  from  one  another  by  cords  and 
columns  of  fibres  and  nuclei.     When  the  external 
nuclear  layer  is  involved,  the  inner  fibrous  portion  of 
this  seems  to  suffer  chiefly,  the  normal  intervals  between 
the  bundles  being  elongated  and  widened ;  when  only  the 
internal  nuclear  layer  has  been  attacked,  large  and  long 
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1  openings  occur  between  oblique  or  more  vertical  rows  of 
muclei  mingled  with,  and  embedded  in,  collections  of 
I  fibres.  The  layer  is  gi-eatly  expanded,  and  the  elements, 
'Which  look  pushed  aside  or  compressed,  may  be  rather 
(opaque,  granular,  and  swollen,  apparently  from  being 
s  soaked  in  the  effused  serous  fluid .  Modifications  of  these 
((Edematous  changes  occur,  and  the  appearances  pre- 
ssented  are  then  altered  accordingly.  Thus  the  spaces 
I  may  be  small  and  less  confined  to  definite  layers,  or  the 
\whole  thickness  of  the  retina  may  be  loosened  and 
i  softened. 

Cysts  and  CEdema  at  the  Ora  Serrata. — The  con- 
edition  of  the  periphery  of  the  retina  to  which  the  name 
( oedema  has  been  applied  is  seemingly  a  senile  change. 
(Cavities,  separated  from  one  another  by  vertical  septa, 
aare  found  in  the  nuclear  layers  of  the  thickened  mem- 
Ibrane,  or  the  external  molecular  layer  is  interrupted, 
:iand  the  same  cavity  extends  through  the  two  nuclear 
Ilayers  and  this  one.  The  alteration  resembles  a  cystoid 
idegeneration,  accompanied  by  atrophy  of  the  nervous, 
iiand  increase  of  the  connective,  tissue  elements. 

Another  variety  of  cystic  formation  is  seen  in  spots 
(■especially  at  the  anterior  margin  of  the  retina.  In  an 
mlmost  completely  atrophic  and  delicately  fibrous  felt- 
work  numbers  of  spheroidal  cavities  with  some  larger 
sspaces  occur.  The  retina  may  be  divided  locally  into 
I  two  layers  of  nearly  equal  thickness  by  one  of  the 
(comparatively  large  intervals,  situated  about  the  ex- 
tfcernal  molecular  layer,  as  can  be  determined  at  the  edge ; 
aand  through  this  opening  there  pass  pillars,  composed 
oof  radial  fibres,  while  in  its  walls  among  the  fine  fibres 
tthere  are  many  small  cystoid  cavities,  the  boundaries  of 
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some  of  wHch  project  into  the  large  aperture,  wliile 
others  bulge  into  the  vitreous.  Most  of  them  are  empty  ; 
but  a  few  are  filled  with  a  clear  amorphous  or  faintly 
gi-anular  mass.  A  few  retinal  nuclei  may  be  left  m 
the  outer  portions  of  the  membrane. 

Retinitis.— Several  varieties  of  inflammation  of  the 
retina  can  be  distinguished  microscopically,  if  the  mam 
characters  or  tendencies  be  taken  as  a  guide.  A  de- 
generative form  finds  a  typical  example  m  the  albu- 
minuric inflammation,  the  histological  changes  m  which 
are  not  peculiar  to  retinitis  accompanying  Bright's 
disease,  the  name  owing  its  origin  to  the  clinical  fea- 
tures and  the  ophthahnoscopic  appearances  ;  a  plastic 
form  tends  to  atrophy  ;  and  a  suppui-ative  kind  leads  to 

destruction.  . 

Alhuviinuric  Bdinitis.— Retinitis  albunimui-ica  aflects 

the  fundus,  especially  about  the  macula,  and,  the  disc 
being  involved,  is  a  neuro-retinitis. 

So  far  as  the  papillitis  is  concerned,  there  is  nothing 
requiring  special  description.    The  papiUa  is  cedema- 
tous  and  swollen,  almost  always  having  some  infiltration 
mth  inflammatory  round  cells,  and  appears  m  sections  as 
a  rounded  prominence  with  the  usual  central  depression. 
The  surrounding  retina  is  slightly  detached  and  dis- 
placed from  the  edge  of  the  choroidal  opemng  by  the 
swelling  of  the  disc;  and  its  outer  surface  may  have 
wavy  folds,  while  the  tissue  is  distended  with  oedema- 
tous  and  inflammatory  effusion,  the  rods  and  cones  being 
partly  destroyed  or,  it  is  said,  considerably  elongated 

The  aff-ected  portion  of  the  retina  may  be  sunilarly 
CBdematous,  and  the  somewhat  expanded  nerve-fibre 
layer,  which  projects  inwards  and  also  encroaches  on 
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the  outer  layers ,  may,  near  the  disc,  contain  inflammatory 
round  cells.    The  radial  fibres,  as  they  pass  through 
tliis  layer  are  swollen,  and  have  a  clear  shining  look, 
this  condition  being  spoken  of  as  "  sclerosis."  The 
nucleated  cells  here  are  more  numerous  than  in  ordi- 
nary circumstances,  and  compound  granular  corpuscles 
may  be  present.    Some  of  the  nerve  fibres  either  have 
a  more  uniform  thickening,  or  show  a  series  of  suc- 
cessive swellings  (as  if  from  imbibition  of  fluid)  filled 
with  granules  or  fatty  globules,  these  fusiform  dilata- 
tions giving  them  a  varicose  outline  (Miiller).  The 
blood-vessels  are  sometimes  surrounded  by  leucocytes, 
;  a  condition  which,  when  occurring  alone  in  the  retina, 
is  known  as  peri-vasculitis  or  peri-arteritis.    At  other 
times  their  walls  are  thickened  and  their  lumen  di- 
minished, like  those  in  other  organs  in  Bright's  disease, 
presenting  a  hyaline,  highly  refractive  appearance,  to 
which  the  name  sclerosis  is  applied.    The  capillaries 
:  are  more  conspicuous  than  usual,  apparently  from  some 
;  similar  thickening  of  their  walls.     Haemorrhages  are 
:  seen  as  collections  of  blood  corpuscles  both  in  the  inner 
layers  and  as  far  outwards  as  the  external  molecular 
layer.    The  ganglionic  nerve  cells  are  mostly  unaffected, 
;  apart  from  the  ordmnTj post-mortem  changes. 

In  the  outer  strata,  the  supporting  connective  tissue 
!  and  the  fibres  of  Midler  are  thicker  than  in  the  normal 
(Condition;  and  the  two  molecular  and  nuclear  layers, 
I  either  separately  or  together,  have  in  sections  a  series 
( of  somewhat  round  or  oval  areas,  separated  from  each 
(Other  by  bundles  of  vertical  and  sometimes  rather 
J  granular  fibres,  the  spaces  containing  more  or  less  clear 
i  amorphous  material  or  bodies  resembling  cells.  The 


236  RETINA. 


last  are  large,  spherical,  or  irregular,  and  crammed 
with  fatty '  granules,  while  some  possess  a  distmct 
nucleus,  and  they  often  have  a  faint  brown  or  yellowish 
tinge.  Many  of  them  are  compound  granular  coriDuscles. 
They  may  be  pressed  together,  and  form  masses  with 
uncertain  limits ;  and  between  them  there  are  clear 
spots  like  small  drops  of  fat  or  vesicles  of  various  sizes, 
suggesting  vacuoles  in  a  coagulated   and  hardened 
albuminous  fluid.    These  granular  and  clear  bodies 
seem  to  be  the  remains  of  inflammatory  exudation,  and 
some  of  the  material  is  derived  from  degeneration  of 
collections  of  blood  corpuscles,  an  obvious  indication  of 
their  previous  structure  being  found  at  places  where 
only  partial  degeneration  has  occurred.  Compound 
granular  corpuscles  have  been  observed  in  the  inner 
layers  of  the  retina  also. 

The  rods  and  cones  are  rarely  present  as  such  in 
sections,  and  their  place  is  taken  by  granular  sub-retinal 
exudation.  The  gangliform  swelling  of  the  nerve 
fibres  may  not  be  present,  when  the  most  noticeable 
features  are  the  thickening  of  the  connective  tissue  and 
the  occurrence  of  the  products  of  fatty  degeneration. 

Plastk.  Beiinitis.—Th.is  is  an  interstitial  inflammation, 
and  is  found  in  shrunken  globes  or  eyeballs  with 
phthisis  bulbi,  detached  retina,  retinal  wounds,  choroido- 
retinitis,  staphyloma  posterior  where  it  is  local,  or 
<.laucoma  where  it  is  near  the  disc.  The  process  is 
confined  to  the  inner  layers  at  first ;  and  the  outer  ones, 
except  the  rods  and  cones,  may  not  be  aff^ected  for  a 

long  time  (Iwanoff"). 

In  the  acute  stage  the  nerve-fibre  layer  is  swollen 
and  infiltrated  with  round  cells,  especially  along  the 
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■  sides  of  the  blood-vessels,  constituting  peri-vasculitis. 
At  a  later  period  the  fibres  of  Mtiller  are  hypertrophied, 
:  and  their  ends  may  project  into  the  vitreous  from  the 
1  growth  of  fibrous  tissue,  especially  about  the  disc  ;  and 
iin  a  section  of  that  region  they  sometimes  form  a  series 
'of  arches,  in  which  lie  some  remaining  nerve  fibres. 
!In  such  cases  the  infiltration  has  been  succeeded  by  a 
i  formation  of  cicatricial  tissue,  and  the  ensuing  con- 
rtraction,  accompanied  by  destruction  of  the  nervous 
•  elements,  has  resulted  in  the  obliteration  of  the  lumen 
■of  the  vessels  and  conversion  of  them  into  fibrous 
i-cords.    The  nerve-fibre  layer,  and  therefore  the  retina 
:ias  a  whole,  is  consequently  thinned.    The  molecular 
sstrata  disappear ;  and  the  nuclear  layers  unite,  and  are 
iiultimately  destroyed.    It  is  said  that  the  rods  and 
c3ones  at  an  early  stage  are  elongated  and  club-shaped  or 
ipyriform  ;  they  are  finally  lost  (Klebs).    If  any  traces 
I'Df  them  are  present  in  sections,  they  are  embedded 
iLU  a  granular  mass  ;  but  the  post-mortem  changes  occur- 
rdng  in  this  layer  must  not  be  forgotten. 

The  later  changes  are  characteristic  of  atrophy ;  and, 
iin  a  case  where  there  has  been  conjoined  inflammation 
of  the  choroid,  the  retina  is  pigmented. 

Zcukcemic  Retinitis,  or  inflammation  of  the  retina  in 
)3atients  with  leuktemia,  seems  to  be  of  an  interstitial 
liature,  and  is  characterized  by  the  presence  of  little 
c:nots  of  white  blood  corpuscles  in  the  retina  (Leber). 

Pttrulent  Hetinitis. —Summration  of  the  retina  is 
r^enerally  examined  microscopically,  as  it  occurs  in  eyes 
^vith  purulent  panophthalmitis.  There  is  a  profuse  in- 
lilammatory  infiltration  in  the  thickened  nerve-fibre 
uyer;  and  the  leucocytes  are  most  abundant  in  the 
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initial  stage  round  tlie  blood-vessels.  At  a  later  date, 
however,  they  are  widely  diffused,  with  destruction  of 
the  normal  constituents,  so  that  nothing  but  a  crowd  of 
round  cells  is  to  be  seen.  Ultimately  the  entire  thick- 
ness of  the  retina  is  affected  and  destroyed  in  this  way. 
Areas  of  haemorrhage  are  present ;  and  the  pigmented 
epitheliiun  usually  appears  increased  and  broken  up. 

Atrophy  of  the  Retina.— lu  a  retina  which  has 
undergone  atrophy,  as,  for  instance,  after  interstitial 
retinitis,  the  process,  when  complete,  leaves  a  compara- 
tively thin  fibrous  membrane  with  a  few  more  or  less 
obliterated  vessels  with  thickened  walls,  or  denser  cords 
representing  their  former  situation.    In  some  localities 
a   less   thorough   transformation  is  shown  by  the 
occurrence  of  scattered  nuclear  elements  in  the  external 
portion  of  the  thinned  and  wasted  membrane,  and  the 
arrangement  of  the  fibrous  tissue  in  this  outer  part  is 
rather  that  of  a  mesh-work,  as  compared  with  the  more 
linear  distribution  of  it  in  the  inner  strata.    The  mem- 
brana  limitans  interna  is  occasionally  _  considerably 
thickened,  and  appears  as  a  loose  fibrous  fabric. 

Pigment  derived  from  the  epithelial  cells  or  from 
hfemorrhages  is  frequently  present,  producing  the  con- 
dition known  as  pigmentation  of  the  retina,  which  is 
always  a  sign  of  atrophy. 

When  the  wasting  is  secondary  to  disease  of  the  optic 
nerve,  as  in  atrophy  of  the  disc  and  glaucoma,  only  the 
inner  layers,  the  nerve  fibres  and  cells,  are  involved  tor 
a  long  time;  and  the  outer  strata  may  be  almost  or 
quite  perfect  after  many  years. 

In  glaucoma  with  hemorrhage,  Pagenstecher  and 
Genth  foimd  obliteration  and  degeneration  of  vessels, 
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'Varicose  veins  and  capillaries,  and  accnmulations  of 
1  blood  corpuscles  dispersed  tlirougliout  the  atrophied 
I  retina,  which  was  expanded  by  the  extravasations. 

Choroido-Iletinitis  and  Pigmentation  of  the  Eetina. 
— The  changes  which  are  jDroduced  in  the  retina  in 
t  connection  with  disease  of  the  choroid  and  alterations 
iin  the  pigmented  epithelium  have  been  alluded  to  in  a 
iformer  place  ;  there  remain  to  be  considered  the  effects 
(.of  inflammatory  conditions  occurring  in  the  choroid 
fand  retina  together,  with  atrophy  and  deposit  of  pig- 
iment.  In  addition  to  the  atrophic  results  of  choroiditis 
Mvith  disorder  or  destruction  of  the  pigment  and  thin- 
ining  of  the  choroid,  that  membrane  is  united  to  the 
iialtered  retina  either  extensively  or  at  circumscribed 
iiareas,  and  there  is  loss  of  the  normal  elements  of  the 
rretina  with  substitution  of  fibrous  tissue,  in  which 
ipigment  is  embedded.  The  outer  layers  are  first 
iiafFected ;  but  the  whole  thickness  is  found  involved  at 
:ia  later  period,  and  is  composed  of  a  loose  net-work 
cof  bundles  of  fibres.  The  nerve  fibre  layer,  in  which 
tthere  are  conspicuous  columns  "of  Miiller's  fibres,  seems 
tto  be  the  last  and  least  affected,  and  is  usually  dis- 
ttinguishable,  even  when  most  of  the  other  structures 
nare  wanting ;  but  many  of  the  longitudinal  fibres  here 
imay  in  reality  be  cicatricial  and  not  nervous.  There  is 
im  some  instances  a  covering  of  delicate  connective 
tfcissue  on  its  surface.  Until  an  advanced  stage,  there 
iiare  some  nuclear  elements  disposed  irregularly  in  the 
'Outer  parts.  The  blood-vessels  show  thickening  of  their 
walls,  with  narrowing  or  obliteration  of  the  lumen ;  or 
fibrous  strings  mark  their  former  situation.  The  most 
.striking  character,  however,  is  pigmentation,  which  is 
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present  only  when  there  is  atrophy.  In  any  or  all 
of  the  layers,  and  especially  along  the  walls  of  the 
vessels,  there  are  large  black  and  brown  masses, 
spheroidal  pigmented  cells,  clusters  of  granules  re- 
sembling cells,  or  free  dark  particles.  This  pigment 
is  derived  from,  and  possesses  the  characters  of,  that 
found  in  the  choroid  and  the  pigmented  epithelium, 
with  which,  indeed,  dark  brownish  bands  are  sometimes 
continuous. 

Another  kind  of  pigment,  which  occurs  along  with 
that  just  mentioned  or  apart  from  it,  is  of  a  hasmor- 
rhagic  nature,  and  comes  from  the  colouring  matter  of 
the  blood.  Glancing  bodies,  which  are  reddish-brown 
in  colour,  mingled  with  brown  or  yellow  granular 
debris,  are  distributed  in  the  atrophied  retinal  layers. 

Detached  Retina.— The  retina  is  found  detached 
from  the  choroid  by  such  materials  as  serous  fluid, 
inflammatory  effusion,  or  extravasation  of  blood,  or 
displaced  by  a  sarcoma  of  the  choroid.    In  the  first 
case  the  interval  is  partly  or  entirely  occupied  m 
sections  by  a  clear  amorphous  mass,  with  granular  areas 
and  scalloped  or  nodulated  margins  ;  in  the  second  case, 
leucocytes  abound  in  the  coagulated  exudation  ;  a  sub- 
retinal  clot  is,  of  course,  formed  of  blood  corpuscles 
mainly ;  and,  when  a  sarcoma  is  present,  the  retina 
may  rest  upon  the  surface  of  this,  or  be  separated  from 
it  by  some  form  of  exudation,  and  also  detached  else- 
where.   In  any  case  the  interval  is  frequently  empty  m 
preparations.     Crystals  of  cholesterine  and  granular 
globular  phosphatic  masses  have  been  seen  m  the  sub- 
retinal  fluid  (Panas).  .. 
The  detachment  is  partial  and  local,  or  "complete. 
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nvhen  the  membrane  has  a  funnel-shaped  arrangement, 
iremaining  attached  only  about  the  ora  serrata  and  at 
rfche  disc.  In  other  instances  it  passes  straight  forwards 
;ias  a  cord  or  tube  from  the  disc  to  the  posterior  pole  of 
tthe  lens,  and  then  the  anterior  part  spreads  outwards, 
fjlosely  applied  to  the  posterior  surface  of  the  lens  and 
Monula,  and  backwards  over  the  pars  ciliaris  retinge  to 
rlhe  ora,  where  it  makes  a  sudden  bend  forwards  at  the 
it  unction  with  the  pars  ciliaris.  Even  the  posterior 
littachment  at  the  disc  is  in  some  cases  wanting ;  and 
llie  retina,  totally  unconnected  with  the  fundus,  lies  as 
11  crumpled  mass  in  the  front  part  of  the  vitreous 
•I'hamber.  Extensive  detachments  are  often  found  in 
■\yeballs  removed  on  account  of  cyclitis  or  intra-ocular 
inmours. 

The  retina  is  most  commonly  oedematous,  apjja- 
cently  from  imbibition  of  the  fluid  in  which  it  has 
X'een   immersed,  so  that,  for   instance,  where  there 
i;as  been  cyclitis  leading  to  great  detachment  of  the 
''?tina,  it  is  softened  and  macerated,  and  appears  as  a 
ipongy  tissue  with  small  empty  spaces.    In  cases  of 
)ing  standing  the  retina  has  been  found  unaffected, 
lit  a  late  date,  however,  the  nervous  elements  usually 
nave  disappeared,  and  there  is  a  formation  of  fibrous 
>ssue,  the  membrane  ultimately  having  become  hard. 
iDUgh,  and  more  or  less  distinctly  fibrous,  with  some 
nick  tendinous  bands  and  granular  areas,  staining 
rringing  into  view  elongated  oval  and  round  nuclei.  In 
u  advanced  case  of  complete  detachment  the  remains 
".  the  retina  pass  forwards  from  the  disc  as  a  dense 
orous  cord,  and  the  papilla  may  look  as  if  dragged 
rrwards  slightly,  while  the  inner  layers  of  the  choroid 
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and  even  of  tlie  sclerotic  reach  for  a  sliort  distance 
over  tlie  stalk  of  tlie  retina.  At  tlie  border  of  a  cyclitic 
membrane  the  retina  is  often  observed  attached  to  this, 
folded  up,  and  partially  wasted  ;  while,  in  other  cases 
it  is  curled  up  in  the  midst  of  the  newly  formed 
membranous  mass,  and  sections  display  a  loose  net-work 
of  fibres  with  nuclear  elements. 

In  cases  where  there  has  been  heemon-hage,  the 
products  of  the  degeneration  of  the  clot  form  gi-anular 
masses,  both  large  and  small,  of  a  reddish-brown  colour, 
part  of  them  finding  lodgment  in  nucleated  corpuscles. 

The  pigmented  epithelium  remains  attached  to  the 
choroid,  or  adheres  to  the  detached  retina,  in  which 
some  of  its  particles  are  frequently  noticed. 

Small  nodules  of  the  lamina  vitrea  choroide^  with 
hyaline  excrescences  sometimes  occur  in  a  detached 
retina  ;  and  calcareous  deposit  in  the  walls  of  the  blood- 
vessels has  been  observed. 

Wound  of  the  Betina.-Apart  from  the  changes  m 
the  sclerotic  and  choroid  to  which  allusion  has  already 
been  made,  a  woimd  in  the  retina  causes  circumscribed 
interstitial  inflammation  ;  and,  if  examined  at  an  early 
date,  the  edges  of  the  wound  are  infiltrated  with  round 
cells,  while  at  the  injured  spot  there  is  an  exudation  of 
fibrine  and  leucocytes.    At  a  late  period,  after  heabng, 
a  local  formation  of  cicatricial  tissue,  which  is  sometimes 
stained  with  blood  colouring  matter,  replaces  the  retmal 
lavers;  it  is  continuous  with  similar  tissue  m  the  cho- 
roid and  sclerotic  where  these  also  have  been  wounded, 
while  pigmented  cells  or  traces  of  them,  as  free  bro^vn 
particles,  are  usually  embedded  in  the  cicatrix 

opaque  Nerve  Fibres  in  the  Betina.-An  abnor- 
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imality  of  the  retinal  nerve  fibres  in  a  spot  adjoining 
ttlie  disc  is  known  clinically  under  this  name.  In  such 
aan  area  some  nerve  fibres  possess  a  sheath  of  the 
white  substance  of  Schwann.  They  lose  their  medullary 
<3heath  as  they  enter  the  posterior  border  of  the  lamina 
:3ribrosa,  but  are  again  enveloped  in  it  in  front  of  this 
membrane  or  at  a  short  distance  from  it,  and  then 
gradually  or  abruptly  become  once  more  free  from  the 
featty  tube  (Virchow). 

Tubercle  of  the  Retina.— Miliary  tubercles  in  the 
etma  have  been  examined  by  Perls. 
Connective-tissue  Formation  on  the  Retina.— Mem- 
bbranes  and  minute  nodules  of  fibrous  connective  tissue 
corm  on  the  inner  sm-face  of  the  retina,  as  a  result  of 
-thronic  inflammatory  changes. 

Glioma  of  the  Retina.— The  name  glioma  retina?  was 
il,pplied  to  this  tumour  on  accoimt  of  its  origin  from  the 
neuroglia,  or  supporting  tissue,  which  pervades  the 
eetma.  Histologically,  its  characters  agree  with  those 
.ff  a  small  round-celled  sarcoma ;  and,  as  it  is  malignant 
nafectmg  and  destroying  the  various  tissues  of  the  eye- 
m  an  advanced  case  the  point  from  which  it  sprung 
iiannot  be  distinguished. 

It  is  composed  of  granular  round  cells,  with  a  large 
rpherical  nucleus,  pressed  against  one  another  and 
eemented  together  by  a  small  quantity  of  molecular 
labstance.  A  few  cells  of  other  forms  are  occasionally 
rresent,  such  as  spindle-shaped  and  branched  corpuscles  • 
nad  some  large  spheroidal  cells  may  also  be  discovered' 
rt  IS  very  vascular,  having  many  thin-walled  blood- 
vessels or  spaces,  and  hemorrhages  occur  in  it.  Areas 
.  the  tumour  frequently  undergo  fatty  degeneration,  and 
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form  caseous  masses ;  and  calcareous  deposit  has  also 
been  seen     Attacks  of  irido-clioroiditis  in  the  affected 
eye  leave  inflammatory  products,  round  cells,  granular 
coagula  of  serous  fluid,  fibrine,  and  haemorrhages.  In 
preparations  mounted  in  glycerine  the  component  cells 
with  their  round  miclei,  which  are  not  easily  distin- 
guished from  the  cell-substance,  are  found  to  be  larger 
than  the  bright  conspicuous  nuclear  elements  of  the 
retina,  which  they  resemble  in  many  respects.  In 
stained  specimens  mounted  in  dammar  the  two  kinds  ot 
deeply  tinted  nuclei  are  in  some  places  very  similar^  to 
one  another,  while  in  other  parts,  where  the  mfiltration 
with  the  cells  of  the  tumour  is  slight,  the  rounded  out- 
line of  these  distinguishes  them  from  the  oval  or  fusi- 
form shape  of  the  normal  elements,  and  from  the  smaller 
round  nuclei,  which  may  be  seen  in  the  external  nuclear 
layer     In  sections  stained  with  magenta  and  lodme 
green  the  nuclei  of  the  glioma  acquire  a  purphsh  tint. 

It  is  exceedingly  difficult  to   determine  in  some 
instances  the  precise  retinal  tissue,  from  which  he 
oTOwth  has  begun.    Judging  from  the  conditions  at  the 
margin  of  the  tumour  or  of  secondary  nodules,  or  from 
minute  isolated  foci  of  infiltration  in  advance  of  the 
main  mass,  its  starting-point  is  generally  m  the  outei 
strata,  in  one  of  the  nuclear  layers ;  but  it  may  com- 
mence  among  the  nerve  fibres,   and  has  also  bee 
observed  to  arise  from  other  layers,  or  in  seveial 
together.    The  strata  from  which  it  has  not  originated 
may  remain  unaffected  for  a  considerable  time  ;  but  he 
maUgnancy  of  the  disease  does  not  spare  them  ult - 
mate^,  and  they  are  involved  in  the  tumour,  the. 
proper  structure  being  entirely  lost. 
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The  primary  tumour  is  a  mass  of  round  cells,  occupy- 
:  ing  the  former  situation  of  some  part  of  the  retina  and 
I  encroaching  on  the  vitreous  ;  separate  secondary  nodules 
I  of  similar  tissue  replace  the  whole  thickness  of  the 
I  retina  at  spots  in  the  neighbourhood,  for  the  growth 
t  extends  not  only  by  continuity,  but  also  by  centres  at  a 
! little  distance  from  the  advancing  margin.  Still  further 
]from  the  original  source  there  are,  at  intervals,  minute 
ipoints  infiltrated  with  tumour  elements,  and  it  is  here 
fthat  it  is  possible  to  distinguish  which  layer  is  affected. 
lEven  in  the  same  case  one  such  focus  may  be  in  the 
iinternal  nuclear,  while  another  is  obviously  in  the 
texternal  nuclear  layer,  and  a  third  is  manifestly  related 
tto  the  blood-vessels  or  their  sheaths  among  the  nerve 
tfibres ;  or  one  collection  may  predominate  in  a  given 
llocality,  while  minor  accumulations  are  present  in  other 
Uayers  there  also ;  or  all  the  layers  may  apparently  suffer 
ssimultaneously. 
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LENS. 
I.  Normal  Structure. 


The  lens  is  enclosed  in  a  transparent,  liomogeneous, 
elastic  capside,  varying  in  thickness  at  different  parts, 
and  described  as  thickest  at  tke  anterior  and  tHnnest 
at  tlie  posterior  pole.    Near  tlie  margin  tlie  fibres  of 
tbe  zonula  of  Zinn  join,  and  gi-adually  sink  into,  the 
anterior  stn-face  of  the  capsule  ;  and  in  flat  preparations 
of  this-  part  their  exact  termination,  as  they  ultimately 
lose  themselves  in  the  clear  membrane,  cannot  usually 
be  recognized.    The  anterior  segment  of  the  capsule  is 
lined  internally  by  a  single  layer  of  granular  polygonal 
cells,  the  cjoithelium,  each  of  which  has  a  large  round 
or  somewhat  oval  nucleus  with  a  nucleolus,  cemented 
together  by  an  intercellular  substance,  which  stains  with 
silver  in  the  usual  way.    Towards  the  equator,  these 
cells  are  progressively  longer  and  more  cylindi'ical, 
finally  appearing  as  fibres  of  the  lens. 

The  body  of  the  lens  is  made  up  of  fibres,  which  are 
flattened  riband-shaped  bands,  transverse  sections  show- 
ing them  to  be  hexagonal  prisms,  the  broad  sides  of 
which,  parallel  with  the  sm-face  of  the  lens,  are  con- 
siderably larger  than  the  others.  They  are  finely 
oranular,  and  of  diff-erent  widths  in  different  parts ; 
and  running  from  before  backwards  in  concentric 
lamince,  the  external  ones  unite  to  form  a  series  of 
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successive  shells  round  the  central  part  or  nucleus  of  the 
lens.  The  cortical  fibres  possess  a  granular  oval  nucleus 
with  a  nucleolus,  and  their  edges  are  more  smooth  and 
even,  while  the  harder  fibres,  which  compose  the  central 
portion,  have  no  nucleus,  and  their  edges  are  often 
uneven  or  dentated,  especially  near  the  extremities  of 
•  the  fibres.  In  microscopical  preparations  some  of  the 
:  fibres  are  expanded  at  their  ends. 

_  The  concentric  lamellas  are  intersected  by  sutures  or 
nines,  where  the  ends  of  one  set  of  fibres  meet 
tthose  of  another  set ;  and,  as  these  sutures  are  super- 
umposed  upon  one  another,  the  lens  as  a  whole  is 
'dmded  into  sectors  along  planes  radiating  from  the 
ocentre,  the  arrangement  producing  a  star-like  figure, 
nvhen  the  lens  is  viewed  from  before  or  behind. 

There  is  some  ccment-suhstnncc  between  the  fibres 
most  observable  in  the  cortex,  which  can  be  readily 
^Hemonstrated  by  staining  with  nitrate  of  silver.  A  post- 
mortem softening  or  deliquescence  of  the  fibres  yields 
tthe  liquor  Morgagni,  which  is  seen  as  clear  material  in 
:rregular  drops  or  globules  and  masses. 

II.  Pathological  Conditions. 

Cataract.— Cataractous,  opaque  lenses  present  several 
.nstological  varieties,  although,  from  the  unsatisfactorv 
t'esults  of  hardemng  and  mounting  in  many  cases,  and 
Ihe  uncertainty  attaching  to  many  appearances  in  fresh 
ipecimens,  ,t  may  remain  doubtful  whether  some  of  the 
^Llterations  recorded  are  not  rather  pod  mortem  and 
..rtificial  m  their  origin,  or  inferences  from  clinical  and 
naked-eye  observations. 

L  2 


148 


LENS. 


Hard  Cataract. — ^The  affected  fibres  resemble  those  of 
tbe  normal  central  mass,  destitute  of  a  nucleus,  irregular 
in  outline,  tliickened,  and  so  adherent  to  each  other 
that  individual  fibres  are  not  easily  isolated.  They  are 
mingled  with  accmnulations  of  drops  and  dispersed 
globules  of  coagulated  material. 

Soft  Cataract. — There  is  here  an  excess  of  fluid  ;  the 
liquor  Morgagni  is  increased;  and  the  fibres,  which 
appear  swollen,  perhaps  from  imbibition  of  fluid,  may 
be  varicose.  They  show  degeneration,  containing  mole- 
ciiles  and  little  globules  ;  and  are  partly  destroyed,  fatty 
d(^bris  being  set  free.  Some  of  them  have  irregiilar 
transverse  strife  ;  and  there  are  drops  of  clear  material, 
occasionally  with  acicular  crystals  apparently  of  mar- 
garic  acid. 

Over-ripe  Cataract.— la.  cases  where  an  opaque  lens 
has  undergone  further  degeneration,  there  is  generally, 
in  addition  to  changes  similar  to  those  found  in  soft 
cataract,  great  shrinking  of  the  lens  substance,  and 
a  deposit  of  calcareous  granules  or  of  cholesterine 
crystals. 

Anterior  Folar  or  Pyramidal  Cataract.— In  this  form 
there  is  a  circumscribed,  small,  rather  conical  projection 
at  the  anterior  pole  of  the  lens,  covered  with  the  cap- 
sule, which  is  thinned  at  the  siimmit.  The  epithelial 
lining  is  wanting  locally.  According  to  Becker,  the 
apex  is  filled  with  coagulated  serum  and  the  base  with 
spindle-cells  ;  Milller  and  Schweigger  say  that  it  is 
occupied  by  a  fatty  and  calcareous  mass;  and  Alt 
describes  the  material  in  the  apex  as  laminated  and 
opaque,  containing  cells,  and  tlie  substance  in  the  base 
as  fatty  drops  and  calcareous  granules,  the  base  bulgmg 
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backwards  and  the  surronnding  epithelium  being  nor- 
mal. It  would  seem,  therefore,  from  the  discrepancies 
in  the  various  records,  that  more  than  one  kind  of  i)yra- 
midal  cataract  occurs. 

Wound,  of  the  Lens. — If  the  capsule  is  womided,  so 
as  to  admit  the  entrance  of  fluid  from  the  aqueous  or 
vitreous  humour,  the  substance  of  the  lens  becomes 
opaque,  and  this  traumatic  cataract  belongs  histo- 
logically to  the  soft  variety.  The  fibres  are  swollen  and 
excessively  molecular,  and  at  a  later  stage  are  broken 
down  into  particles.  Masses  of  coagulated  material 
with  a  cellular  or  vacuolated  appearance  are  present, 
and  the  capsule  is,  in  the  majority  of  cases,  partly  rolled 
up,  while  the  epithelium  is  quite  normal,  or  in  little 
accumulations,  or  absent. 

If  there  is  inflammation  of  the  ciliary  body  or  of 
some  other  part  of  the  uveal  tract,  an  exudation  of 
tibrine  and  round  cells,  with  areas  of  granular  detritus, 
is  found  invading  the  lens  ;  and  in  many  instances  an 
organized  fibro-cellular  formation  occupies  the  former 
site  of  a  portion  of  it.  At  other  times  pus  occurs  here. 
The  capsule  is  confusedly  curled  up,  and  embedded  in, 
or  attached  to,  a  cyclitic  or  iritic  membrane  ;  and  union 
between  the  lens  and  the  iris  or  cornea,  by  means  of 
nflammatory  material,  is  common.  Calcareous  deposit 
may  be  found  among  the  remains  of  the  lens  fibres  ; 
and  spicules  of  bone  have  been  observed,  where  ossifi- 
cation has  taken  place  in  the  fibrous  new-formation 
(Wagner). 

Cellular  or  fibrous  inflammatory  products,  attached 
to  portions  of  the  capsule,  and  mixed  with  degenerated 
fibres  of  the  lens,  sometimes  form  secondary  membranes 
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or  capsular  opacities  beliincl  the  pupil  after  an  opera- 
tion for  cataract. 

Inflammatory  Deposits  not  unfrequently  remain 
connected  witli  the  surface  of  the  capsule  after  iritis, 
and  are  composed  of  collections  of  uveal  pigment  as 
black  clumps  and  free  particles,  granular  debris,  and 
delicate  fibrous  tissue.  Adhesion  between  the  lens  and 
the  iris,  constituting  synechia  posterior,  has  been  already 
considered  under  "  Iritis.'' 

The  centre  of  the  anterior  surface  of  the  capsule  may 
have  attached  to  it  traces  of  an  inflammatory  exudation, 
left  there  at  a  former  period,  when  the  lens  was  locally 
applied  to  the  cornea  at  a  perforation  in  the  latter. 
This  is  described  clinically  as  "  anterior  polar  cataract. ' 

When  the  lens  has  been  pushed  forwards,  and  a 
portion  of  the  capsule  for  a  long  time  pressed  against 
the  cornea,  as,  for  example,  in  some  cases  of  staphyloma 
anterior,  adhesions  may  be  found,  between  them.. 

Inflammatory  shreds  are  occasionally  present  on  the 
posterior  aspect  of  the  lens  after  cyclitis  ;  the  gi-eater 
changes  brought  about  by  inflammation  of  the  ciliary 
body  are  noticed  in  connection  vdth.  that  subject. 
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DEVELOPMENT  OF  THE  EYE. 

In  this  sketcli  only  the  more  important  i^oints  con- 
nected with  the  formation  of  the  eye,  and  apparently 
established,  are  noted.  The  illustrations  of  the  earlier 
stages  are  taken  from  that  most  convenient  field  of 
study,  the  hen's  egg. 

The  ilasiodcrm,  or  embryonic  area  on  the  surface  of 
the  ovum,  is  composed  of  three  layers — viz.,  the  epiblast, 
mesoblast,  and  hypoblast;  and,  as  the  eye  is  formed 
from  the  two  outer  layers,  it  contains  epiblastic  and 
mesoblastic  elements.  The-  middle  of  the  blastoderm 
is  more  transparent  than  the  margin,  and  about  the 
centre  of  this  area  pcllucida  the  first  trace  of  the 
embryo  is  a  slight  local  thickening  of  the  epiblast  and 
mesoblast,  forming  a  comparatively  opaque  line,  the 
2mmUivc  streak.  This  shortly  afterwards  has  a  furrow 
along  its  surface,  the  pi^imitive  groove.  A  similar 
thickening  and  furrowing  occur  immediately  in  front 
of  one  end  of  the  primitive  groove,  and  result  in 
the  formation  of  the  medullary  groove,  bounded  by 
lateral  ridges,  which  receive  the  name  of  lamince  dor- 
sales.  These  ridges  become  higher,  and  bend  over 
towards  one  another,  meeting  first  towards  that  end  of 
the  groove,  which  ultimately  becomes  the  cephalic 
extremity  of  the  embryo,  and  which  their  union  con- 
verts into  a  tube.  After  contact  of  their  edges  has 
occurred,  the  layer  of  epiblast,  which  originally  lined 
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the  medullary  groove,  'separates  from  its  continuation 
covering  tlie  outer  aspect  of  tlie  laminae  dorsales,  the 
former  being  left  isolated  as  the  lining  of  the  medullary 
canal,  beneath  the  latter,  which  roofs  it  over  as  a 
separate  external  continuous  sheet. 

The  cephalic  end  of  the  tube  is  soon  closed,  and 
dilates  into  a  bulb,  which  is  the  first  stage  in  the 
formation  of  the  brain,  and  is  called  the  anterior  cere- 
bral vesicle  and  afterwards  the  thalamencephalon.  This 
expands  at  both  sides ;  and  the  expansions,  becoming 
marked  off  by  constrictions  from  the  anterior  cerebral 
vesicle,  turn  downwards  and  backwards,  and  form  the 
primary  optic  vesicles  with  short  pedicles ;  but  their 
internal  cavities  remain  in  communication  with  that 
of  the  central  vesicle  through  the  hollow  stalks,  which 
afterwards  pass  inwards  from  the  optic  vesicles,  and 
ultimately  become  the  optic  nerves.     All   of  these 
structures   are  derived  from  the  involuted  epiblast 
beneath,  and  separate  from,  the  external  epiblast ;  and 
they  are  composed  of  several   layers  of  somewhat 

columnar  cells. 

At  a  spot  in  front  of  each  primary  optic  vesicle  the 
external  epiblast  becomes  tHckened  and  depressed  ;  and 
this  shallow  pit  lies  in  a  corresponding  hollow  m  the 
adjacent  wall  of  the  vesicle.  This  hollow  increases  m 
depth,  until  the  anterior  segment  of  the  vesicle  bulges 
backwards  instead  of  forwards,  and  almost  touches  the 
posterior,  and  there  is  formed  a  cup  with  double  wa  Is. 
This  is  the  op^ic  cup,  and  the  inner  wall  of  this 
secondary  optic  vesicle  is  transformed  into  the  retma, 
while  the  outer  or  posterior  one  becomes  the  pig- 
mented epithelium.    Owing  to  the  fact  that  the  mvagi- 
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nation  of  the  optic  vesicle  takes  place  not  directly 
from  before  backwards  straiglit  towards  the  stalk, 
but  rather  from  below  ujDwards  and  backwards  simul- 
taneously, a  cleft  or  slit  is,  in  the  subsequent  growth, 
left  along  the  under  surface  of  the  cup  from  its 
open  mouth  to  the  pedicle.  This  is  the  choroidal 
fissicrc. 

The  thickened  portion  of  the  external  ej)iblast  is 
more  and  more  deeply  depressed  until,  the  mouth  of  the 
little  pit  closing,  it  is  a  small  sac.  It  is  then  detached 
from  the  rest  of  the  outer  epiblast,  which  passes  over  it 
as  an  iminterrupted  layer,  just  as  happens  with  the 
medullary  canal.  This  sac  is  the  rudiment  of  the  lens, 
and  at  first  it  nearly  fills  the  optic  cup  ;  but  afterwards, 
as  the  latter  enlarges,  it  lies  in  the  mouth  of  the  cup, 
and  the  space  behind  it  is  occupied  by  vascular  rather 
fibrous  tissue  in  the  place  of  the  future  vitreous. 

The  walls  of  the  optic  cup,  as  they  grow,  cease  to 
resemble  one  another,  the  inner  being  much  thicker  and 
presenting  large  numbers  of  nuclei  and  delicate  fibres 
passing  vertically  between  its  surfaces,  while  the  outer 
remaias  thin,  and  is  the  seat  of  a  granular  pigmentary 
deposit.  The  situation  of  the  choroidal  fissure  is  easily 
distinguished,  even  after  the  cleft  is  in  reality  closed, 
from  the  absence  for  some  time  of  pigment  along  this 
line  from  the  edge  of  the  cup  to  the  optic  stalk.  A 
congenital  absence  of  part  of  the  choroid  and  of  the  iris, 
known  as  coloboma  choroideaa  and  coloboma  iridis,  has 
been  referred  to  arrested  development  in  this  region. 
The  optic  stalk  undergoes  a  somewhat  similar  process 
to  that  traced  in  the  formation  of  the  optic  cup.  It 
becomes  flattened,  and  the  original  central  canal  is 


154 


DEVELOPMENT  OF  THE  EYE. 


obliterated  by  tliickening  of  tlie  walls.  It  is  tlieu 
folded  lengtliways  so  as  to  enclose  a  new  canal  con- 
tinuous with  tlie  cavity  of  the  vitreous  chamber  through 
the  hinder  end  of  the  choroidal  fissure.  The  optic  cup 
is  surrounded  by  mesoblast  consisting  of  branched 
irregular  cells,  the  inner  portion  of  which  becomes  the 
cliovoid  with  its  branched  pigmented  cells,  and  the  outer 
portion  of  which  forms  the  scUrotic. 

Anterior  to  the  line,  which  is  afterwards  the  position 
of  the  ora  serrata,  the  epiblastic  elements  of  the  optic 
cup,  blended  with  the  mesoblast  immediately  outside  of 
them,  are  thrown  into  folds  behind  the  margin  of  the 
lens,  and  these  form  the  processes  of  the  ciliary  lody. 
A  continuation  of  this  anterior  epiblastic  portion  passes 
inwards  in  front  of  the  lens  to  become  part  of  the  iris, 
and  narrows  the  opening  or  mouth  to  the  aperture, 
which  remains  permanently  as  the  pupil.    Pigment  is 
deposited  in  the  layers  in  this  region,  which  are  said  to 
become  the  uveal  layer  of  the  iris  and  ciliary  processes 
and  also  the  pars  ciliaris  retina,  while  the  rest  of  the 
ciliary  body  and  iris,  with  their  muscles,  vessels,  con- 
nective fibres,  and   corpuscles,  is  derived  from  the 
mesoblastic  layer  continuous  with  the  choroid. 

Cornea.— "^h-Q  anterior  epithelium  of  the  cornea  is 
produced  from  the  external  epiblast  and  the  substantia 
IDropria  from  the  mesoblast.  A  ring  of  homogeneous 
material  forms  round  the  edge  of  the  optic  cup  m  front 
of  the  lens,  and  spreads  towards  the  centre,  until  it  is  a 
continuous  covering  or  lid  ;  and  behind  this  a  layer  of 
cells  appears  to  grow  from  the  corresponding  edge  of 
the  mesoblast  in  the  situation  of  the  posterior  epithelium. 
Then  the  mesoblast  round  the  plate  of  homogeneous 
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substance  becomes  clivided  into  two  layers,  the  posterior 
one  extending  inwards  as  tlie  stroma  of  tlie  iris  imme- 
diately in  front  of  the  lens,  while  the  anterior  one 
spreads  similarly  as  a  layer  of  corpuscles  in  the  midst 
of  the  transparent  corneal  substance,  which  is  then  split 
into  two  strata,  which  become  ultimately  the  membranes 
of  Bowman  and  Descemet  respectively,  while  the  cor- 
jDuscles  develop  into  the  substantia  propria,  which  is 
therefore  continuous  with  the  mesoblastic  structiu'es. 

Zens. — In  its  early  stage  the  lens  is  a  vesicle  with  a 
central  cavity,  the  walls  consisting  of  a  single  layer  of 
columnar  cells  derived  from  the  epiblast,  as  already 
mentioned.  Those  in  the  anterior  portion  become 
somewhat  flattened,  and  remain  as  the  epithelium  lining 
this  segment  of  the  capsule.  Those  in  the  posterior 
portion  become  elongated  into  fibres,  until  they  touch 
the  anterior  layer  and  obliterate  the  cavity,  a  ring  of  the 
original  space  at  the  equator  of  the  lens  seeming  to  be 
the  last  part  obliterated.  The  nuclei  of  the  cells  persist 
as  the  nuclei  in  the  anterior  or  nuclear  zone,  and  con- 
tinued elongation  and  multiplication  of  the  cells  yield 
the  fibres  of  the  lens,  from  many  of  which  the  nuclei 
disappear,  while  the  lens  assumes  more  and  more  of  its 
mature  rather  flattened  shape,  and  increases  by  the 
formation  of  new  fibres  towards  the  margin.  In  hardened 
specimens  the  fibres  stop  at  some  distance  from  the 
posterior  wall  of  the  lens,  and  the  remaining  space 
contains  globules  of  a  coagulated  material,  in  which 
there  are  many  vacuoles,  and  which  is  apparently 
derived  from  the  softened  posterior  extremities  of  the 
fibres.  The  capsule  seems  to  be  either  deposited  by  the 
epithelial  cells  of  the  lens  (Kolliker),  or  to  arise  from 
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some  mesoblastic  cells  carried  in  with  tlie  lens,  wliicli 
also  form  the  zonula  of  Zinn  (Lieberkulm). 

Viircous.—The  embryonic  vitreous  is  a  substance, 
chiefly  fluid  and  sometimes  with  a  few  cells,  originating 
from  a  vascular  growth  of  mesoblast,  which  extends 
into  the  interior  of  the  optic  cup  through  the  choroidal 
fissure.    At  a  later  date  a  continuation  of  the  blood- 
vessels, which  are  afterwards  enclosed  in  the  folded 
optic  nerve,  is  found  passing  forwards  through  the 
vitreous  humour  to  the  posterior  aspect  of  the  lens, 
where  it  gives  off  branches,  which  run  round  the  edge 
to  the  anterior  surface,  and  anastomose  with  those  of 
the  iris.    This  vascular  sheath  of  the  lens  is  called  the 
memhrana  ca^psido-piipillaris,  and  the  posterior  half  of 
it  is  almost  entirely  composed  of  vessels,  while  the 
anterior  segment  has  in  addition  a  delicate  stroma 
continuous  with  the  posterior  corneal  epithelium,  and 
constitutes  the  onembrana  loiijpillctris,  which,  on  the 
formation  of  the  iris,  lies  in  front  of  the  latter.  These 
structures  disappear  before  birth,  although  in  rare  cases 
persistent  fragments  of  the  pupillary  membrane  are 
observed,  and  portions  of  what  appear  to  be  remams  of 
the  vessels  passing  forwards  from  the  disc  have  been 
seen  in  the  mature  vitreous. 

Bctina.—Th.Q  thickened  anterior  or  inner  wall  of  the 
optic  cup,  consisting  of  nuclei,  fibres,  and  several  layers 
of  spindle-shaped  cells,  with  some  fibrous  tissue  at  the 
surface,  is  afterwards  differentiated  into  the  various 

layers  of  the  retina. 

Pigmented  Hjnthelium.—The  posterior  or  outer  wall 
,of  the  optic  cup,  on  the  other  hand,  is  reduced  to  a 
single  layer  of  cells,  in  which  dark  gi-anules  of  pigment 
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are  deposited,  and  tlie  shape  of  tlie  cells  becomes  more 
or  less  hexagonal. 

Optic  Nerve. — When  the  nerve  fibres  have  appeared 
in  what  was  formerly  the  stalk  of  the  optic  vesicle,  the 
connection  with  the  outer  wall  of  the  optic  cup  is  no 
longer  seen ;  and  the  nerve,  passing  through  this, 
is  continuous  with  the  inner  wall  with  its  retinal 
layers.  This  perforation  or  opening  is  the  only  portion 
of  the  choroidal  fissure  which  is  left  permanently,  the 
rest  closing  entirely  and  being  obliterated.  Blood- 
vessels are  enclosed  in  the  longitudinally  folded  optic 
nerve,  and  pass  with  it  into  the  vitreous  chamber, 
finally  forming  the  arteria  centralis  retina  and  its  vein, 
branching  in  the  retina. 

Eyelids. — The  eyelids  are  developed  from  folds  of  the 
external  epiblast  with  an  enclosed  layer  of  mesoblastic 
elements. 
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MEASUREMENTS, 


MEASUREMENTS. 


Eyeball, 


Jaeger. 


Henle. 


Merkel's 
Schema. 


Antero-posterior  diameter  24-3  mm. 

...  24" mm. 

..  24'3  mm. 

Horizontal  „ 

23'6 

...  23-5,, 

...  23-6  „ 

Vertical  „ 

23'4  >. 

...  23-1  „ 

...  23-4  „ 

Diameters  of  Oases  (Jaeger) : — 

Ant. -post. 

Horizontal. 

Vertical. 

Child     4  days  old  .. 

.  i6'3  mm.  .. 

.  157  mm.  . 

..  15'  mm. 

»       31    '>     "  •• 

.  i7'6    M  ■• 

.  ly      »  • 

..  16-4 

Female  19  years  ,,  .. 

.  24-2    „  .. 

.  23-1  „ 

•  ■  24-3  » 

28    „     ,,  .. 

.  23-2    „  .. 

.  23-2  „ 

..  22-4  „ 

)>      31    >'     "  • 

.  22-4    ,,  . 

.  21-8  „ 

..  21-5  „ 

Male     16   „     „  • 

•  23-2    „  . 

.  23-1  ,, 

...  23-5  „ 

,,      23         ,)  . 

..  247    „  . 

•  •  23-4 

...  24-  „ 

>,      40    »     »  ■ 

■  24-3    »  • 

..  23-8  „ 

...  23-6  „ 

.Oornea. 


Diameter 

Thickness  at  centre 


Jaeger. 

12'  mm. 
■9  » 


Henle. 


near  margia    i"2  „ 


Merkel's 
Schema, 

II  mm.  ...  ii'6  mm. 

I  ■•     '9  » 

—       ...  I'l 


Thickness  of  ant.  epithelium  "03  mm.,  of  Bowman's  mem- 
brane •0045— 'oi  mm.  (Henle). 

Thickness  of  Descemet's  membrane  about  centre  -006  — 
•008  mm.,  near  margin  -oi— -012  mm.  (Miiller). 

Sclerotic.  UevkoYs 

Jaeger.  Henle.  Schema. 

Thickness  of  posterior  part  ri— r2  mm.  ...  i  mm.  ...  i  mm. 

anterior     „     7  »    •••'3    >>    •••'4  >> 
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Iris. 

Thickness  near  pujDil  "4  mm.,  middle      mm.,  periphei-y 

•2  mm.  (Jaeger). 
Breadth  after  death  3-5 — 4-5  mm. 
Sphincter,  breadth  -S — i  mm.,  thickness  "07 — -25  mm. 
Pupil,  diameter  4  mm.  (Jaeger),  4-5  mm.  (Henle),  4  mm. 

(Merkel's  Schema). 

Choroid. 

Thickness  near  disc -12— "15  mm.  (Jaeger), '07  mm.  (Henle), 
•09  mm.  (Merkel's  Schema). 
„       near  margin  -06  mm.  (Blerkel's  Schema), 
„       of  lam.  vitrea  "0006 — 'oooS  mm. 

Pigmented  Epithelial  Cells. 

Size  12 — iS  micro-mm.,  thickness  9  micro-mm. 
Length  of  pigment  particles  i — 5  micro-mm. 

Ciliary  i/iiscZe. 

Jaeger.  Henle.  Merkel's 

Schema. 

Greatest  thickness   -9  mm.    ...    i  mm.    ...    i  mm. 
Length       ...        3'S  » 

Optic  Nerve. 

Diameter  behind  eyeball,  with  sheath,  3-9— 4-3  mm.,  thick- 
ness of  outer  sheath  "5  mm. 
through  sclerotic  1-5  mm.,  at  level  of  choroid 
I  "2  mm. 

'  Optic  Disc. 

Diameter  r2-r6mm.  (Jaeger),  1-4  mm.  (Henle),  1-4  mm, 
(Merkel's  Schema). 
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Metina, 

Thicliness  iu  millimetres  (Miiller). 

At  distance  from  disc  of 
•5  mm.  8  mm.  18  mm. 


Whole  retina  ... 
Nerve-fibre  layer 
Nerve- cell  „ 
Int.  molec.  „ 

,,  nuclear 
Ext.  molec.  „ 

„  nuclear  „ 
Eods  and  cones 


•428 


•216 


•140 


I  -025— -028  1 


•015 

'036 — '04 
•033— "038 
•03— -04 
•045— "065 

  ...-05  ••••°45 

Thickness  of  nerve  fibres  -5—3  or  5  micro-ram. 

Size  of  nerve  cells  15—30  micro-mm  • 

Length  at  fundus  of  rods  50-60  micro-mm.,  oi 

cones  32—36  micro-mm.   

Thickness  at  fundus  of  rods  2  micro-mm.,  of  cones 

6 — 7  micro-mm.   ...   ■" 

Thickness  at  fovea  of  cones  3  micro-mm.,  length 
60 — 100  micro-mm.   


•04— -045 


■016  "02 

•012 — "016 
•025 

•041 

(Schultze). 


Lens.  Merkel's 

Jaeger.  Henle.  ggtema. 

Antero-posterlor  diameter  37  mm.  ...  4  mm.  ...  37  mm. 
Transverse  »       10-3    „    ...  9"5  »    •••  9  » 

Capsule,  thickness  at  ant.  pole  •oii--oi8  mm.,  at  post,  pole 

•005 — "ooS  mm. 
Epithelial  cells,  size  -019— '032  mm. 

Eibres,  breadth    )  mm.,  of  central  -007— -ooS  mm. 

of  cortical ) 

„    thickness     |  .0045— "0055  mm.    „     •0023-0028  „ 
of  cortical  ' 
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AcAitus  foniculonim,  3 
Amyloid  disease  of  conjunctiva,  20 
Angioma  of  choroid,  75 
of  conjunctiva,  21 
of  iris,  60 
Anterior  cerebral  vesicle,  152  -tfigs. 
223,  224 

Anterior  chamber,  angle  of,  47,  81 ; 
figs.  117,  118,  121 
pns  in,  31,  56  ;  figs.  155,  156 
Aquo-capsulitis,  30,  57 
Arcus  senilis,  38 

Br.ASTODERM,  151 

Blepharitis,  10 

Eone,  in  choroid,  71  ;figs.  104,  105 

in  ciliary  body,  99 

in  cyclitic  membrane,  96  ;  fig. 
149 

in  lens,  149 
Bowman's  membrane,  normal,  24, 

_  80  ;  fig.  24 

in  opacity  of  cornea,  32 -jfi'g.  34 
in  pannus./i/.  33 
in  staphyloma  of  coi-nea,  37 
in  ulcer  of  cornea,  30 
in  wound  of  cornea,  34 ;  figs. 
47,  SO 

IBright's  disease,  choroid  in,  70; 
97 

(  1 


Brigbt's  disease,  retina  in,  134 ; 

figs.  173,  194-196 
Bruch,  follicles  of,  8 
membrane  of,  G3 
Buphthalmos,  99 

Capsule  of  Tenon,  42,  109 ;  fig. 
57 

Carcinoma  of  conjtmctiva,  22  * 
Caruncula  lachrymalis,  10 
Cataract,  147  ;  fig.  51 
Cerebral  vesicle,  152  ;  figs.  223, 
224 

Chalazion,  10  ;  fig.  8 
Chemosis,  15,  17  ;  fig.  23 
Chick,  embryo,  figs.  218-225 
Choked  disc  (sec  Optic  disc,  oedema) 
Chorio-capillaris,  62  ;  fig.  So 
Choroid,  angioma  of,  75 

atrophy  of,  72  ;  figs.  91,  106- 
108,  205-207 
in  choroiditis,  69 
in  choroido-retinitis,  139 
in  glaucoma,  121 
in  staphyloma  posterior, 
73 

blood-vessels  of,  03  ;fig.  84 
bone  in,  71  ;  figs.  104,  105 
calcareous  deposit  in,  71 
cicatrix  of,  44,  71;  fig.  60 
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Choroid,   cnlloiJ  disease  of  {see 
Hyaline  excrescences) 
cysts  of,  74 

detachment  of,  G7,  68,  97  ; 
./'Ya'-  SI>  77>  i39>  ISO,  151, 

215 

development  of,  154 
fatty  cells  in,  72  ;  fg.  100 
in  glaucoma,  121 178- 
180 

granuloma  of,  74 
hfemorrhage,  iiitra-choroidal, 
GG;firjs.  94,  99,  152 
Buh-choniidal,  G7         5 1 , 
152 

hyaline  excrescences  of,  G5, 69, 
71,  98,  142  ;  Jigs.  90-93 

hyperemia  of,  67  ;  f<j.  95 
,  inflammation  of,  68,  70  ;  figs. 
49,  77,  97-99,  101-103 

internal  surface  of,  63  ;  fgs. 

78,  79 

lymphatics  of,  63  ;  fg.  83 
measurements  o'',  159 
nerves  of,  63  ;  fg.  82 
normal  section  of,  fgs.  52,  80 

structure  of,  61 
oedema  of,  67  ;  fgs.  95,  96 
pigmentation  of,  66,  68  ;  fgs. 

99,  152 

pigmented  cells   of,  62  ;  fg. 
81 

in  retinitis  albuminurica,  70  ; 
fiO-  97 

sarcoma  of,  75,  111,  140  ;  fg. 

IC9 
stroma  of,  62 

in  staphyloma  posterior,  73  ; 

fgs.  107,  108 
tubercle  of,  74 
■wound  of,  44,  71 


Choroidal  fissure,  153 :  fgs.  225, 
226 

Choroiditis,  plastic,  6S ;  fgs.  77, 
98 

purulent,  70;  fgs-  101-103 
Choroido-retinitis,  69,79, 136, 13'J; 

figs.  17s,  177,  205,  206 
Cilia,  normal,  2,  7  ;  fgs.  1,  2,  4 

with  lice,  14  ;  fgs.  15-17 
Ciliary  body,  atrophy  of,  98  :  fgs. 

51,  155-163 
in  cyclitis,  94,  97 
in  glaucomn,  101 
blood-vessels  of,  87 
bone  in,  99 

cells  of  stroma,  84  :  fg.  119 
detachment  of,  97  ;  fgs.  77, 

139,  151,  215 
development  of,  154 

fibrine  in,  fg.  13S 
foreign  body  on,  98 
htemon-hagic  pigmentation  of, 

9o;  fgs.  142,  152 
hyaline  excrescences  in,  65,  99 
inflammation  of,  78,  93  :  fgs. 

77,  140-146,  152 
inflammatory    exudation  in, 

figs.  i37>  138 
inner  layers  of, /17s.  133,  135 
lamina  vitrea  of,  87  i33, 
134 

of  negro,  S-i:  fgs.  120,  133 
nerves  of,  87 

normal  section  of,  meridiannl, 
fgs.  116-11S 
transverse, /f/s.  127-132 
noi-mal  structure  i>f,  S3 
oedema  of,  93:  fgs.  139,  14° 
151 

pars  ciliaiis  retina\  92,  132 

figs.  133,  13s,  136 
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<  'Uhn-y  Imly,  jiigmcnt  layor  of,  88 

stroma  of,  84,  8(5 
tumours  of,  102 

<  'iliary  muscle,  82,  85 

measurements  of,  159 

<  'iliary  processes,  48,  87,  88  ;  ftjs. 

1 17-132 

Ciliary  region,  in  glaucoma,  77,  99, 
100;  f  ffs.  45,  155-163 
leprosy  of,  102 
normal,  80  ;  Jigs.  1 16-126 
staphyloma  of,  99 
wound  of,  98  ;  fr/.  154 
'-'olloiJ  disease  of  choroid  {■■ice  Hya- 
line excrescences) 
Culoboma  of  choroid,  153 

of  iris,  153 
Conjunctiva,  amyloid  disease  of, 
20 

chemosis,  15,  17  ;  fr/.  23 
cicatrization  of,  18 
ecchymosis  of,  19 
episcleritis,  19  ;  Jiff.  23 
of  eyeball,  9,  80;  Jiffs.  3,  117, 
118 

of  eyelid,  8;  Jiffs.  4,  6,  7 
glands  of,  6  ;  fys.  5,  7 
gi  anular,  17  ;  fffs.  20,  21 
ha2morrho,ge  undoi-,  19 
hypertrophy  of,  18  ;  Jiff.  22 
inflammation  of,  10;  Jiffs.  iS- 
23, 

leprosy  of,  102 
cederaa  of,  15,  17  ;  jiff.  23 
Pinguecula,  19 
pterygium,  20 
tumours  of,  20 
xerosis  of,  20 
Conjunctivitis,  chronic,  18  ;  Jiff.  22 
granular,  17  ;  fffs.  20,  21 
membranous,  17 


Conjunctivitis,  muco-purulent,  l(j ; 
fffs.  iS,  23,  146 
phlyctenular,  18 
purulent,  IG  ;  Jiff.  19 
Cornea,  abscess  oi]  29,  31 
arcus  senilis,  38 
atrophy  of,  38  ;  fff.  76 
cicatrix  of,  33,  35,  78  ;  Jiffs. 
39,  41-48,  50,  77,  152, 
215 
cystoid,  34 
cloudy  swelling  of,  27 
conical,  38 

corpuscles  of,  25;  Jiffs.  30,  31 
descemetitis,  30  ;  fff.  36 
development  of,  154 
epithelium  of,  anterior,  23,  80  ; 
Jiffs.  25,  26 
posterior,  26  ;  Jiffs.  29,  114 
fibres  of,  24  ;  fiff.  28 
fistula  of,  35 

in  glaucoma,  78  ;  Jiff.  44 
infiltration  of,  28  ;  Jiffs.  32,  49, 
51 

inflammation  of,  27  ;  JiffS.  32- 

36,  44,  49 
heratocele,  30 
lacunte  of,  25  ;  Jiff.  27 
leprosy  of,  102 
limbus  of,  81 
measurements  of,  158 
nerves  of,  20 

normal  section  of,  fiffs.  24,  30 

structure  of,  23 
cedema  of,  28,  78 
opacity  of,  28,  31;  ^^.9.  34,  37, 
44,  51 

pannus,29,  32;  fffs.  34,  35,  51 
perforation  of,  35,  150  ;  fffs. 
33,  49 

pigment  in,  35,  30  ;  fff.  45 
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Cornea,  stapliylonia  oF,  36,  58  ■,Ji'<ja. 
37,  51 

tubstautia  propria  ot,  24,  81 
iRippuration  of,  29,  34,  78; 

fllB-  33.  49 
Bynccliia   anterior,   35,   37 ; 

ji'ls.  37,  39,  46,  5i>  77,152. 

215 

thickening  of,  38  \fi(js.  37,  77 
thinning  of,  ^?>\  fifjs-  37,51 
tumours  of,  39 
ulceration  of,. 29,  31 ;  fig.  51 
wound  of,  32,  W5;fi'js.  38. 
40,  46,  77,  152,  215 
Corneitis  [see  Keratitis) 
Corneo-scleral  junction,  normal,  80 ; 
figs.  113,  116-118 
staphyloma  of,  99 
Cyclitic  membrane,  ()7,  9G,  142 ; 
figs.  49-51.  77,  147-154, 

215 

bone  in,  96;  fig.  i49 
calcareous  deposit  in,  96 
hyaline  bodies  in,  98  ;  fig.  92 
Cyclitis,  plastic,  94  ;  figs.  49,  77. 
140-144,  152,  153,  215 
purulent,  94  ;  figs.  145, 
episcleritis  in,  19 
lens  in,  150 
retina  in,  141 
Cyclo-clioroiditis,  H;fi[is.  150, 151 
Cyst,  cysticercuB,  of  conjunctiva, 
22 

of  choroid,  74 
dermoid,  12  ;  fig.  13 
of  iris,  36,  68,  60 
Meibomian,  10  ;  fig.  S 
at  ora  serrata,  133;  figs.  192, 

193 

of  sclerotic,  45 
sebaceous,  11  ;  figs.  9,  14 


Cyst,  serous,  of  conjunctiva,  22 

of  eyelid,  14 
Cysticercus  under  conjunctiva,  22 
in  vitreous,  106 


Deumoid  cyst,  12  ;  fig.  13 
Dermoid  growth  of  conjunctiva,  21 

of  cornea,  39 
Descemet's  membrane,  Hassali's 
warts  of,  26;/£/.  114 
hernia  of,  30 

injury  of,  3i;  figs.  33.  39,  48.- 
49 

in  staphyloma,  37,  100  -^fig.  37 
in  synechia  anterior,  36 
normal,  26,  81;  figs.  30,  114 
Desoemetitis,  30,  57  ;  fig.  36 
Development  of  eye,  151  jfigs.  21S- 
230 

Disc  (see  Optic  disc) 

EccHYMOSis  of  conjunctiva,  19 
Epithelium  of  conjunctiva,  8  ;/^.  3 
of  comea,  23,  2G  ;  figs.  25, 

26,  29,  114 
of  iris,  48  ;  fig.  62 
of  lens,  146;/£/s.  210-213 
pigmented,  64  ;  ».  78,  80, 
88,  89 

Epithelioma  of  conjunctiva,  22 
of  cornea,  39 
of  eyelid,  12  ;  fig.  10 
Episcleritis,  19  ;  fig.  23 
Exclusion  of  pupil,  53 
Eyeball,  measurements  of,  laS 
Eyelashes  (see  Cilia) 
Eyelids,  chalazion,  10  ;  fig.  8 
dermoid  cyst,  H  ;  fig-  I3 
development  of,  157 
distortion  of,  18 
epithelioma  ol',  12  ;  fig.  10 
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Ejclids,  glands  of,  4,  6,  7 ;  .figs.^,  7 
gfiuiular,  17  ;  Jir/s.  20,  21 
indammatious  of,  15 
lice  on,  14  ;  f(js.  15-17 
ileibomian  cyst,  10  ;  Jiff.  8 

gland,  4  ;  6 
nonnal  section  o\',  fiffs.  I,  2,  4 

structure  of,  1 
ccdema  of,  10 

phtheii'iasis  of,  14  ;f!js.  15-17 
rodent  ulcer  of,  13 
sarcoma  of,  13  ;  Jif/s.  11,  12 
sebaceous  cyst  of,  11  ;  fiffs.  9, 
14 

serous  cyst  of,  1 4 
skin  of,  2 
tumours  of,  15 
ulcers  of,  15 

xauthelasma  of,  13  ;  fir/.  14 

FiDnoMA  of  ccnjunctiva,  21 

of  eyelid,  15 

of  sclerotic,  45 
Foutana,  spaces  of,  82 

in  glaucoma,  101 

in  staphyloma,  100 
Fovea  centralis,  131  :figs.  1S6,  1S7 
Frog,  corneal  corpuscles  o(,Jir/.  31 

Glands,  in  fornix  conjunctivre,  G  ; 
ff  5 

Meibomian,  4;  fgs,  i,  2,  4,  6 
of  Moll,  6;  ^i/.  4 
SKbaceous,  3,  7 
in  tarsus,  6  ;  Jig.  7 
Glasdrusen  (see  Hyaline  excres- 
cences) 

(ilaucoma,  ciliary  region  in,  77,  99, 
100;  figs.  45,  155-163 
choroid  in,  121  ;  figs.  178-180 
cornea  in,  78  ;  fig.  44 


Glaucoma,  iris  in,  fig.  75 

optic  disc  in,  74,  77,  120  ■,fig.i. 

105,  107,  109,  178-1S0 
pupil  in,  101,  102  ;.////•'•  159- 

i6i 

retina  in,  121,  1313,  13S;  figs. 
178-1S0,  199 
Glioma  of  retina,  111,  l-io;fig--. 

208,  209 
Granular  eyelids,  17  ;  figs.  20,  21 
Granuloma  of  choroid,  74 

of  cornea,  39 

of  iris,  59 
Gumma  of  ciliary  body,  102 

of  eyelid,  15 

of  iris,  60 

Hali.ee,  vascular  ring  of,  110 
Hassall's  warts  of  cornea,  2G  ;  fig. 
114 

Hordeolum,  10 

Hyaline  excrescences  of  choroid, 

65  ;  figs.  90,  91 
in  choroiditis,  G9,  71  ;  fi'g.  93 
in  ciliary  body,  99 
in  cyclitic  membrane,  93  ;  fig. 

92 

in  detached  retina,  GG,  142 
Hyalitis,  plastic,  104 

purulent,  105 
Hyaloid  canal,  104 
Hypermetropia,  ciliary  region  in,  8G 

oplic  disc  in,  115 
Hypopyon,  31,  6\j  ;  figs.  69,  155, 
156 

Irido-cyclitis,  93  ;  J??/,?.  73,  137, 
152 

Iris,  atrophy  of,  58  ;  fig.  76 

in  glaucoma,  101  ;  figs. 
45.  75.  IS<3,  162 
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,  atrophy  oi',  in  iritis,  54 

in  stapliyloma,  37,  100 ; 

J'kjs.  37,  si 
in  synecliia  uiiterior,  3(3 
lolootl-vesEels  of,  50,  87 
cells  of  stroni<a,/£/«.  64,  65 
cysts  of,  3G,  58,  CO 
development  of,  154 
opitlielinra  of,  anterior,  48 ; 

everbion  of  pupil,  102  ;  fir/s. 

159,  160 
foreign  body  in,  58 
in  glaucoma,  101  ;  fy-  75 
iufinramalion  of,  19,  52  ;  f'js. 

39,  49 
leprosy  of,  102 
measurements  of,  159 
of  negro,  49  ;  frj.  66 
nerves  ol',  50 

normal  section  of,  meridianal, 
47  116,  121, 

124 

outline, /£(/.  61 
peripheral, /i/.  130 
vertical, /i/s.  63,  66 
structure  of,  46,  82,  90 
surface  of,  anterior,  40 ; 

posterior,  51  \  Jig.  65 
ceclema  of,  56 

prolapse  of,  35,  57  ;  Jigs.  40, 

48,  49>  152 
radiating  fibres  of,  51 ;  fg-  65 
sphincter  pupillae,  50  61, 
67 

evevsioii  of,  102 
stroma  of,  49 
tumours  of,  59 

uvea,  detachment  of,  54  ;fgs. 
46,  SI,  71,  72,  77 


Iris,  uvea,  eversion  of,  102 ;  f  gs. 
159-161 
normal,  51 ;  figs.  61,  63, 
66,  117,  118 
wound  of,  57  ■,fig8.  77,  215 
Iritic  angle,  47,  81 
Iritis,  anterior  layers  of  iris  'm,jigs. 
68,  69 

hypopyon,  31,  50;  fgn-  69, 

155,  156 
plastic,  52,  150  ;  figs.  72,  77 
purulent,  5b  ;  figs.  49,  7°,  146 
serous,  31,  56 

synechia,  anterior,  35,  37  -.figs. 
37,  39,  46,  SI,  77,  152. 
215 

posterior,  53,  94,  96;>y/s. 
51,71-74,77,137,152, 

215 

KEnATiTis,  cloudy  swelling,  27 
descemetitis,  30 
infiltration,  28  -Jgs,  32, 49,  51 
glaucomatous,/^.  44 
hypopyon,  31 
osdema,  28 

pannus,  29,  32  -Jgs.  34,  35,  51 

phlyctenular,  30 

punctate,  30,  57 

purulent,  29,  34,  78  ;  figs.  33, 

49 

ulceration,  29,  31 
Keratocele,  30 
Keratoeonus,  38 

Lamixa  cribrosa,  114 -.figs.  170- 
172 

fusca,  epithelioid  cells  on,  42  ; 
fig.  56 
normal,  42,  84  ;  figs.  52, 

54 
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L.imin.i  fusca,  pigmented  cells  of, 

fiU-  55 
supra  cboroidea,  43,  6i 

ficjs.  85-87 
vitrea,  of  choroid,  63 

of  ciliary  body,  87  ;  Ji(js. 

133.  134 

colloid    disease    of  (sec 
Hyaline  excrescences) 
Laniinre  dorsales,  loX;ji(js.  221, 

J-ens,  bone  in,  149 

calcareous  deposit  in,  97,  148, 

149  ;./?(/.  SI 
capsule  of,  146  ;fgs.  210,  212, 

213 

cataract,  147  ;  fig-  51 
cbolesterine  in,  148 
development  of,  153, 155;  figs. 

22s,  230 
displacement  of,  i>7,  97  ;  figs. 

51,  152,  215 
epithelium  of,  146  ;  figs.  210, 

213 

fibres  of,  146  ;  figs.  213,  214 
inflammatory  deposits  on,  150 
measurements  of,  160 
normal  structure  of,  146 
in  sarcoma  of  choroid,  78 
synechia,  149,  150 
wound  of,  34,  97,  U9;figs. 
39.  46,  48,  49.  72,  77,  152, 
215-217 
I  Leprosy  of  ciliary  region,  102 
ILeucoma,  23,  31  ;  figs.  34,  37,  44, 
51.  77 

JLice  on  eyelashes,  14  ;  figs.  15-17 
ILigamentum  pectinatum,  50,  81, 

86  ;  figs.  1 13-1 18 
ILimbus  conjunctiva;,  10,  80 
cornea:,  81 


Lipoma  of  conjunctiva,  20 

of  eyelid,  15 
Liquor  Morgagni,  147 
Lupus  of  eyelid,  15 
Lymphangicctnsis  ofcoujuuctiva,  2 1 
Lymphatics  of  choroid,  63 

of  cornea,  25 

of  eyelid,  2 

of  optic  nerve,  109 

of  retina,  126 

of  sclerotic,  42 
Lymphoid  tissue  0:  conjunctiva,  8, 
9 

Macula  lutea,  131  1S6,  1S7 

iu  retinitis,  134 
Measurements,  158 
Medullary  canal,  152 

groove,  151  ;  figs.  220-222 
Meibomian  cyst,  10  ;  fig.  S 

gland,  4  ;  figs.  I,  2,  4,  6 
Melanoma  of  iris,  00 
Membrana  capsulo-pupillaris,  153 

chorio-capillaris,  62 

limitans,  127 

pupillaris,  156 
Moll,  glands  of,  6  ;  fiig.  4 
Molluscum  contagiosum,  12 
Mouse,  emhvyo,  fig.  228 
Muller,  fibres  of,  127 
Muscle,  ciliaris  Eiolani,  3,  5;  figs. 
i>  2,  4 

ciliary,  85  ;  figs.  IT6-129. 
compressor  lentis,  85 
involuntary,  of  eyelid,  4  ;  figs. 
I,  2 

orbicularis   palpebrarum,    3 ; 

/£">••  I.  2,  4 
sphincter  pupills?,  50  ;  figs. 

61,  67 

Myoma  of  ciliary  body,  102 
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Myopia,  ciliary  region  in,  86 

optic  disc  in,  Hi) 
Myxoma  of  optic  nerve,  111 

Njevus  of  eyelid,  15 
Neljula,  31 

Negro,  ciliary  body  of,  84  ;  fy- 

120 

conjunctiva  of,  9,  80  ;  fig.  3 

iris  of,  49  ;  fit/.  66 
Neuritis,  109,  117  ;  fig.  167 
Neuro-retinitis,  119, 13d ;  figs.  173. 

174 

Neuroma  of  optic  nerve,  112 

Occlusion  of  pupil,  54  ;  fig.  74 
Opacity  of  cornea,  28,  Bi;  figs.  34, 

37,  44,  SI 
lens,  147 
Opaque  nerve  fibres  in  retina,  142 
Optic  cup,  152  ;  figs.  225-228 
Optic  disc,  atropby  of,  98,  119, 138; 

fia- 175 

detached  retina  at,  figs.  105, 

203,  204 
glaucomatous   excavation  of, 

74,  77,  120 ;  figs.  105,  io7. 

109,  178-180 
inflammation  of,    117,   134  ; 

figs.  173,  174 

in  iritis,  57 
measurements  of,  159 
membranous  growth  on,  104, 
120 

normal  section  of,  figs.  170, 
172 

structure  of,  113 
ccdoma  of,  m  ;  figs.  I73,  ^76 
physiological  cup,  116;/5f.  171 
in  retinitis  alhuminurica,  134  ; 

fig- 173 


Optic  disc,  in  staphyloma  posterior, 
74 

vascular  growth  on,  12'^  ;  fig. 
177 

Optic  nerve,  atrophy  of,  110  ;  figs. 
168,  169 
development  of,  152,  153,  157 
in  glioma.  111 
grey  degeneration  of,  111 
inflammation   of,    109 ;  fig. 
167 

lymphatics  of,  109 
measurements  of,  159 
normal  section  of,  figs.  164- 
166 

sti-ucturc  of,  107,  113 
pigmentation  of,  111 
in  sarcoma,  78,  Ul;  fig.  i(><) 
sheaths  of,  73,  113 
tumours  of,  111 
Optic  neuritis,  117  ;  figs.  173.  ^74 
Optic  vesicles,  152  ;  figs.  223,  224 
Ora  sen-ata,  cystic  degeneration  of, 
13d;  figs.  192,  193 
normal,  132  ;  figs.  116,  136 
oedema  of,  133 
Osteoma  of  sclerotic,  45 
suh-conjunctival,  21 

Pannijs,  29,  32;  ./?(/«•  34.  35.  5i 
Panophthalmitis,  choroid  in,  71 

ciliary  body  in,  94,  98 

iris  in,  55 

retina  in,  137 

vitreous  in,  105 
Papilla  (see  Optic  disc) 
Papillitis,  117,  134;  figs.  173.  I74 
Papilloma  of  conjunctiva,  21 

of  eyelid,  15 
Pars  ciliaris  retinre,  92,  132  ;  figs. 

133.  I35> 
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Pars  ciliaris  retinje,  inflammation 

oi.figa.  143,  144 
Pediculus  on  eyelash,  14  \fi(js.  15- 

17 

Perch,  embryo,  figs.  226,  227 
Perichoroidal  space,  43,  63,  84  ; 

fig-  52 

Perineuritis,  110 

Perivasculitis,    135,     137 ;  fig. 
19s 

Phlyctenular  conjunctivitis,  18 
Phtheiriasis  palpebrarum,  14  ;  figs. 
IS,  17 

Physiological  cup  of  optic  disc,  116  ; 

fig- 171 

Pigment  in  conjunctival  epithelium, 
9  i  fig.  3 
in  skin  of  eyelid,  2 
Pigmentation  of  choroid,  66,  68; 
figs.  99,  152 
of  ciliary  body,  95  ;  figs.  142, 
152 

of  cornea,  35,  36  ;  fig.  45 
of  optic  disc,  118 
of  optic  nerve.  111 
of  retina,  69,  79;  figs.  177, 
202,  205 

Pigmented  epithelium,  atrophy  of, 
79  ;  figs.  90,  98,  108 
development  of,  152,  156 
measurements  of,  159 
normal,  64  ;  ^grs.  78,  80,  88,  80 
outgrowth  of,  79  -yfig.  207 
Pinguecula,  19 
Plica  semilunaris,  10 
Polypus  of  conjunctiva,  20 
Posterior  elastic  lamina  (see  Des- 

cemet's  membrane) 
Primitive  groove,  151  ;  figs.  218- 
220 
streak,  151 

(2 


Pterygium,  19 

Pupil,  eversiou  of,  102  ;  figs.  159- 
i5i 

exclusion  of,  53,  56 
funnel-shaped,  _/5<7.  73 
measurement  of,  159 
normal,  47,  52 
occlusion  of,  54  ;  fig.  74 
Pupillary  membrane,  54  ;  fig.  74 

Eabbit,  choroid  of,  fig.  83 
cornea  of,  figs.  26,  27,  29 
embryo  of,  figs.  229,  230 
iris  of,  fig.  62 
sclerotic  of,  fig.  56 
Eetina,  aneurisms  in,  122,  138 
arteria  centralis  of,  108,  115 
atrophy  of,  138  ;  figs.  199-204 
in  choroido-retinitis,  69, 

139  ;  figs.  205,  206 
in  glaucoma,  121  ;  figs. 

105,  107 
in  retinitis,  1S7 ;  figs,  igg- 
204 

in  staphyloma  posterior, 
74  ;  figs.  107,  108 
calcareous  vessels  in,  142 
cicatrix  of,  71,  142  ;  fig.  60 
connective-tissue  formation  on, 

123,  143;^5r.  177 
cysts  at  ora,  133  ;  figs.  192, 
193 

detachment  of,  68,  140  ;  figs. 

203,  204 
in  choroiditis,  69,  70 
in  cyclitis,  97  ;  figs.  49, 

77,  152,  215 
in  glaucoma,    121  ;  fig. 

105 

in  papillitis,  118 ;  figs. 
173.  174 
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Retina,  detaeliment  of,  hy  sarcoma, 
17;  fig.  109 
in  staphyloma,  fio-  5 1 
with  hyaline  bodies,  66; 
142  ;  fig-  92 
development  of,  152, 166  -Jigs. 

228-230 
fovea  centralis  of,  131  ;  /i?*'- 

186,  187 
in  glaucoma,  121,  136,  138  ; 

figs.  178,  180,  199 
glioma  of,  111,  143  ;  figs.  208, 
209 

hyaline  bodies  in,  66,  142  ; 
inflammation  of,  69,  70,  134  ; 

figs.  173,  174.  194-198 

in  iritis,  57 

macula  lutea  of,  131  ;  figs. 

186,  187 
measurements  of,  160 
normal  section  of,>:(7«.  52,  17°- 
172,  181-184,  188,  189 
structure  of,  124 
surface,  internal,  US;  fig. 
18S 

oedema  of,  121,  132-134,  141  ; 

figs.  178,  179-  190.  191 
opaque  nerve  fibres  in,  142 
ora  serrata,  cysts  at,  ri5;figs. 

192,  193 
normal,  132  ;  figs.  116, 

136 

oedema  at,  133 
pars  ciliaris,  92,  132  ;  figs. 

133.  135.  136 
inflammation  of, ^£fs.  I43. 

144 

pigmentation  of,  in  chnroido- 
retii.itis,  69,  137-139  ;  figs- 
T77,  202,  205 


Kctina,  pigmentation  of,  in  cicatrix, 
142 

in  retinitis  pigmentosa,  79 
in  sarcoma  of  choroid,   77  ; 

fig.  109 
in  staphyloma  posterior,  74, 

136  ;  figs.  107,  108 
tubercle  of,  143 
wound  of,  44,  136,  142  ;  fig. 
60 

Retinitis,   albuminuric,  70,  134; 

figs.  173.  194-196 

choroid  in,  70  ;  fig.  97 
leukasmic,  137 
pigmentosa,  79 
plastic,  136  ;  figs.  I74>  I97> 
198 

purulent,  137 
Rodent  ulcer  of  eyelid,  13 
Ruysch,  membrane  of,  62 


Saecoma  of  choroid,  75,  140  ;  fig. 
109 

of  ciliary  body,  102 

of  conjunctiva,  22 

of  cornea,  39 

of  eyelid,  n  ;  figs.  H,  12 

of  iris,  60 

optic  nerve  in.  111  ;  fig-  169 
recurrent, /fifs-  m,  "2 
sclerotic  in,  78  ;  fig-  no 

Sattler,  layer  of,  64 

Schlemm,  canal  of.  So  ;  figs.  113. 

117 

inflammation  about,  Ot,  9b 

in  glaucoma,  101 

in  staphyloma,  100 
Scleritis  {see  Sclerotitis) 
Sclero-clicroidilis,  44 
Sclerosis  of  fibres  of  Muller,  135 
of  retinal  vessels,  m;fig-  196 
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Sclerotic,  atrophy  of,  44 

calcareous  deposit  in,  45 
cicatrix  of,  44,  71  ;  fig.  6o 
cysts  of,  45 
development  of,  154 
inflammation  of,  43,  70  ;  fiy. 

junction  witli  cornea,  80 
lamina  fusca,  42 
measurements  of,  159 
normal  section  of,  figs.  52,  53, 

113.  117 
structure  of,  40 
near  cornea,  81,  83 
at  optic  disc,  73,  113 
in  sarcoma,  78  ;  fig.  1 10 
staphyloma  of,  44 
thickening  of,  44  ;  fig.  59 
thinning  of,  44 
tumours  of,  45 
wound  of,  43  ;  fig.  60 
; Sclerotitis,  19,  43  ;  fig.  58 
.'Sebaceous  cyst  of  eyelid,  11  ;  figs. 
9,  14 

i  Serous  cyst  of  conjunctiva,  22 

of  eyelid,  14 
:  Shrunken  eyeball,  anterior  portion 

of.  fig-1-  49.  50. 76 

choroid  in,  71 

ciliary  region  in,  98,  99 

cornea  in,  38  ;  fi.g.  76 

iris  in,  59  ;  fig.  76 

optic  disc  in,  119 

retina  in,  136 

sclerotic  in,  44  ;  fig.  59 
SSkin  of  eyelid,  2 

tumours  of,  15 
SSphincter  pupillse,  50  ;  figs.  61,  67 

aversion  of,  102 
SStaphyloma,  ciliary,  99 

corneal,  36,  68  ;  figs.  37,  51 


Staphyloma,  corneo-scleral,  99 
posterior,  73  ;  figs.  107,  108 
optic  disc  in,  122 
retina  in,  136 
sclerotic  in,  45 
scleral,  44 
Stilling,  canal  of,  104 
Stump  of  eyeball  (see  Shrunken 

eyeball) 
Stye,  10 
Synohisis,  105 

Synechia,  anterior,  35,  37  ;  figs. 

37,  39.  46.  51.  77,  152,  215 
peripheral,  100  ;  figs.  45,  155- 

163 

posterior,  53,  94,  96  ;  figs.  51, 

71-74.  77.  137.  152.  215 
Syphilitic  ulcer  of  eyelid,  15 

Taesds,  3  ;  figs,  i,  4,  6,  7 
Tenon,  capsule  of,  42,  109  ;  fig.  57 
Trachoma  of  eyelid,  17  ;  figs.  20, 
21 

Tubercle  of  choroid,  74 

in  cyclitic  membrane,  102 

of  iris,  59 
Tumours  of  choroid,  74 

of  ciliary  body,  102 

of  conjunctiva,  20 

of  cornea,  39 

of  eyelids,  15 

of  iris,  59 

of  retina,  143 

of  sclerotic,  45 

Uvea,  detachment  of,  54 ;  figs. 

46,  51,  71,  72.  77 
eversion  of,  102  ;  figs. 
161 

normal,  51  ;  figs.  61,  63,  66, 
117,  u8 
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Vaoikitis,  110 

Vitreous,  cysticercus  in,  106 
development  of,  153,  156 
basmon-liage  into,  104 
inflammation  of,  104 
normal,  103  ;  fig.  136 
soft,  105 

synecHa  anterior,  36,  105 

Wabt  of  eyelid,  15 
Wound  of  choroid,  44,  71 
of  ciliary  region,  98 
of  cornea,  32,  105 


Wound  of  iris,  57 
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PLATE  I. 


Fig.  1.— Vertical  Section,  in  outline,  of  Upper  Eyelid. 

X  6  diam.    Dammar  preparation. 

1.  Skin  with  hairs  and  sweat-glands.  2.  Orbicnlarls  pal- 
pebrarum muscle.  3.  Subcutaneous  fat.  4.  Fat  beneath 
orbicularis.  5.  Involuntary  muscular  fibres  behind  tarsus,  near 
fornix.  6.  Conjunctiva  palpebr^.  7.  Mouth  of  Meibomian 
gland,  in  tarsus,  at  edge  of  lid.  Above  and  below  the  duct  is 
seen  the  musculus  ciliaris  Eiolani.    8.  Eyelashes. 
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PLATE  II. 


Pig.  2.-Vertical  Section,  in  outline,  of  Lower  Eyelid. 

X  6  diam.    Dammar  preparation. 

•  1  Skin  with  haii-s  and  sweat-glands.  2.  Orbicularis  pal- 
pebrarum muscle.  3.  Subcutaneous  fat.  4  Pat  beneatb 
orbicularis.  5.  Involuntary  mnscular  fibres  behmd  tarsus^ 
6.  Conjunctiva  palpebral.  7.  Mouth  of  Mexbomian  gland  m 
tarsus,  at  edge  of  lid.  Above  and  below  the  duct  is  seen  the 
muscnlus  ciharis  Eiolani.    8.  Eyelashes. 

Pig  3.-Vertical  Section  of  Epithelium  of  Conjunctiva 
Bulbi  of  Negro. 

X  300  diam.    Glycerine  preparation. 

1  Prom  behind  limbus  conjunctiva..    Pigment  in  deepest 
.eUs    2.  Prom  posterior  part  of  limbus  conjunctive  Pigment 
n    ells  of  different  layers.    3.  Prom  anterior  part  of  limbus 
conjunctivae,  near  cornea.    Pigment  in  various  layers. 
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PLATE  III. 


Fig.  4.-Vertical  Section  of  the  Edge  of  Upper  Eyelid. 

X  30.  Dammar, 

1  Skin  2.  Anterior  part  of  orbicularis  palpebrarum 
muscle,  cut  transversely.  3.  Musculus  ciliaris  Eiolaua  cut 
transversely.  Some  fibres  of  this  muscle  are  seen  beneatb  the 
l^eibomian  gland.  4.  Internal  or  conjunctival  surface  of 
tarsus;  fibrous  tissue.  5.  Conjunctiva;  connective  tissue  and 
stratified  epithelium.  6.  Inner  angle  of  free  edge  of  lid 
7  Eyelashes  in  follicles.  8.  Gland  of  Moll.  9.  Meibomian 
gland.  10.  Duct  of  Meibomian  gland,  openmg  on  free  edge 
of  lid. 

Fig.  5.-Section  of  Racemose  Gland  in  Fornix 
Conjunctivse. 

X  45.  Dammar. 

1.  Lobules  of  gland.   2.  Duct,  cut  across.    '3.  Loose  connec 
tive  tissue. 
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PLATE  IV. 


riG.  6.— Part  of  Longitudinal  Section  of  Meibomian 
Gland  in  Upper  EyeUd. 

X  45.   Logwood,  Dammar. 

1.  Bpitlielium  of  conjunctiva.  2.  Sub-epittelial  connective 
tissue.  3.  Internal  surface  of  tarsus;  dense  fibrous  tissue, 
with  blood-vessels.  4.  Anterior  part  of  duct  of  Meibomian 
gland.  5.  Posterior  part  of  Meibomian  gland.  6.  External 
surface  of  tarsus.  7.  Connective  tissue  outside  tarsus,  -with 
transverse  section  of  an  artery. 

Pig.  7.— Vertical  Section  of  Racemose  Glands  in 
posterior  part  of  Tarsus  of  Upper  EyeLLd. 

X  45.    Logwood,  Dammar. 

1.  Epithelium  of  conjunctiva.  2.  Sub-epitbelial  connective 
tissue.  3.  Internal  layers  of  tarsus,  with  blood-vessels.  4.  Ex- 
ternal surface  of  tarsus.  5.  Posterior  border  of  tarsus. 
6.  Lobules  of  glands. 
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PLATE  V. 

Fig.  8. — Vertical  Section  of  Chalazion  (Meibomian 

Cyst). 

X  10.  Glycerine. 

1.  Stratified  epithelium,  continued  over  tlxe  surface.  2.  Con- 
nective tissue  outside  tumour.  3.  Capsule  of  fibrous  tissue, 
from  vyliicli  septa  pass  inwards,  dividing  the  cyst  into  lobules. 
4.  Epithelial  cells  inside  capsule.  5.  Fatty  material  occupying 
centre  of  lobules,  tbe  outer  layers  being  more  opaque. 

Fig.  9.— Part  of  Sebaceous  Cyst  in  Upper  Eyelid. 

X  300.  Glycerine. 

1.  Trabeculse  of  fibrous  tissue.  2.  Bpitbelial  cells.  Only 
th.ose  in  the  outer  layer  are  -well  defined.  3.  Fatty  bodies  and 
granular  material.  4.  Opaque  fatty  bodies  and  granular  sub- 
stance. 
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PLATE  VI. 


I'iG.  10.— Vertical  Section  of  Epithelioma  of  Lower 

Eyelid. 

X  30.    Logwood,  Dammar. 

1.  Normal  epidermis.  .  2.  Subcutaneous  tissue.  3.  Hair- 
follicles  and  hairs.  4.  Sweat-glands.  5.  Epithelioma,  with 
processes  extending  from  the  deeper  surface.  6.  Subcutaneous 
tissue,  -with  infiltration  of  inflammatory  round  cells. 
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PLATE  VII. 


Fig.  11.— Vertical  Section  of  Sarcoma  of  Lower  Eyelid. 

X  30.  Dammar. 

1.  Normal  epidermis,  with  hair-follicles.  2.  AtropMed  epi- 
dermis over  tumour.  3.  EpitheHal  scales.  4.  Subcutaneous 
tissue  with  sweat-glands.    5.  Tumour  (sarcoma). 

Fig.  12.— Cells  from  Sarcoma  of  Eyelid. 

X  300.  Glycerine. 

These  are  from  a  portion  of  the  tumour  drawn  in  Fig.  11, 
teased  out.   Both  spindle-shaped  and  round  cells  are  present. 
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PLATE  VIII. 


Fig.  13.— Vertical  Section  of  the  WaU  of  an  Orbital 
Dermoid  Cyst. 

X  30.  Glycerine. 

1  Contents  of  cyst;  epithelial  scales  and  fine  hairs.  2.  Stra- 
tified epithelium,  lining  cyst.  3.  Fibrous  capsule,  with  hair- 
follicles  and  hairs.  4  Connective  tissue  outside  tumour. 
5.  Fat  and  blood-vessel.  6.  Striated  muscular  fibres,  cut 
transversely. 

Fig  14 -Vertical  Section  of  Skin  of  Lower  Eyelid 
'with  Xanthelasma  Palpebrarum  and  Sebaceous 
Cyst. 

X  so.  Glycerine. 

1  Epidermis  with  hair-follicles.  2.  Subcutaneous  tissue 
with  some  large  fatty  cells,  collections  of  pigment,  and  scattered 
pi..mented  cells.  3.  Cyst,  containing  epithelial  sea  es  and 
sebaceous  material.  4.  Stratified  epithelium  lining  the  cyst, 
with  root  of  hair  embedded  in  it.  5.  Large  cells  with  fatty 
contents  outside  fibrous  _  capsule  of  cyst.  6.  Subcutaneous 
tissue  with  portions  of  hairs. 
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PLATE  IX. 

Pig.  15.— Phtheiriasis  Palpebrarum. 

X  30.  Glycerine. 

Attached  to  an  eyelash  by  cementing  substance  c,  there  is 
a  nit,  h,  containing  an  immature  pediculus.  The  operculum  is 
•wanting. 

Pig.  16.— Phtheiriasis  Palpebrarum. 

X  30.  Glycerine. 

1.  a.  Operculum  of  nit.  h.  Nit  with  granular  contents, 
c.  Attachment  to  eyelash.  2.  Empty  nit,  without  operculum. 
3.  Toung  pediculus. 

Pig.  17.— Phtheiriasis  Palpebrarum. 

X  30.  Glycerine. 
Matm-e  female  pediculus,  grasping  eyelash. 
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PLATE  X. 


Fig.  18— Vertical  Section  of  Conjtmctiva  -with 
Muco-purulent  Conjunctivitis. 

X  200.  Glycerine. 

Tills  is  from  a  child,  eleven  months  old,  who  died  nine  days 
after  the  onset  of  measles. 

1.  Epithelium.  2.  Sub-epithelial  tissue,  infiltrated  with  in- 
flammatory round  cells. 

Fig.  19.— Vertical  Section  of  Conjunctiva  of  Upper 
Lid  with  Purulent  Conjunctivitis. 

X  45.  Glycerine. 

This  is  from  a  girl,  five  years  of  age,  who  died  from  meningitis 
after  scarlet  fever.  The  eye  became  affected  on  the  seventeenth 
day  from  the  beginning  of  the  scarlatina;  and  remained  in- 
flamed  till  death,  five  weeks  later. 

1.  Internal  surface  with  prominent  elevations.  2.  Sub- 
conjunctival  tissue  with  dilated  vessels. 
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PLATE  XL 


Fig.  20.— Vertical  Section  of  Conjunctiva  of  Eyelid 
with  Grantdar  Conjunctivitis  (Trachoma). 

X  30.   Logwood,  Dammar. 

1.  Epithelium.  2.  Inflammatory  cells  on  surface  without 
epithelium.  3.  Bound  ceUs  and  traces  of  epithelium.  4.  Sub- 
epithelial infiltration  of  leucocytes.  5.  Trachoma  follicle; 
spherical  mass  of  round  cells.  6.  Connective  tissue  with  blood- 
vessels,  and  some  round  cells  especially  about  the  follicle. 

Fig,  21.— Vertical  Section  of  Conjunctiva  of  Eyelid 
with  Granular  Conjunctivitis  (Trachoma). 

X  30.    Logwood,  Dammar. 

1.  Epithelium,  continued  over  entire  surface  of  elevation. 
2.  Depression  between  two  adjacent  folUcles.  3.  Sub-epi- 
thelial  infiltration  of  inflammatory  round  cells.  4.  Two  tra- 
choma follicles  in  the  same  prominence.  5.  Connective  tissue 
with  blood-vessels  and  a  few  leucocytes. 
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PLATE  XII. 


Pig.  22.— Vertical  Section  of  Conjunctiva  of  Lid  with 
Chronic  Conjunctivitis  and  Hypertrophy. 

X  30.    Logwood,  Dammar. 

1.  Epithelium,  continued  over  irregular  prominences  on 
surface.  2.  Sub-epithelial  tissue,  infiltrated  with  round  cells. 
The  surface  has  in  section  the  appearance  of  papilla;  the 
boundary  between  round  cells  and  epithelium  is  not  everywhere 
distinct.  3.  Thickened  sub-epithelial  tissue  with  many  blood- 
vessels and  some  collections  of  leucocytes. 

Pig.  23.— Vertical  Section  of  Limbus  Conjunctivae 
with  Episcleritis  and  Conjunctivitis. 

X  30.   Logwood,  Dammar. 

This  is  from  an  eye,  in  the  ciliary  region  of  which  a  piece  of 
iron  lodged  after  passing  through  the  cornea,  ins,  and  lens. 
Inflammation  of  the  iris,  ciliary  body,  and  choroid,  with  great 
chemosis,  followed;  and  nineteen  days  after  the  accident  the 
eyeball  was  removed. 

1  Sclerotic.  2.  Cornea.  3.  Anterior  epithelium  of  cornea. 
4.  BpitheUum  of  conjunctiva.  5.  Great  swelling  outside 
sclerotic.  It  is  partly  due  to  oedema  (chemosis),  partly  to 
inflammatoiy  exudation  outside  the  sclerotic  (episcleritis),  and 
partly  to  inflammatory  infiltration  of  the  conjunctiva  (conjunc- 
tivitis). There  are  many  blood-vessels.  6.  Loose  connective 
tissue  with  some  round  cells. 
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PLATE  XIII 


Pig.  24.— Vertical  Section  of  Cornea. 

X  120.  Glycerine. 

1,  Anterior  epithelium,  stratified.  2.  Bowman's  membrane. 
3.  Substantia  propria  with  fusiform  spaces  between  the  lamellae. 
The  anterior  layers  are  more  fibrous  and  irregular.  4.  Descemet's 
membrane.    5.  Posterior  epithelium,  single  layer. 

Pig.  25.— Isolated  Cells  from  Anterior  Epithelium  of 

Cornea. 

X  300.  Glycerine. 

1.  Prom  anterior  layers,    surface  view;    flattened  cells. 

2.  Prom  deep  middle  layers,  side  view  ;  roundish  with  processes. 

3.  Prom  deepest  layer,  side  view ;  columnar  with  flat  base. 

Pig.  26.— Surface  of  Anterior  Epithelium  of  Cornea. 

X  300.    Silver,  Glycerine. 

This  is  from  the  cornea  of  an  albino  rabbit.  The  inter- 
cellular substance  is  stained  with  the  silver. 
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PLATE  XIY. 


Fig.  27. — Lacimse  in  Cornea. 

X  300.    Silver,  Glycerine. 

This  is  from  the  cornea  of  a  rabbit,  viewed  from  the  posterior 
surface. 

1.  Substantia  propria,  stained  with  silver.  2.  Lymphatic 
spaces. 

Fig.  28.— Fibres  of  Cornea. 

X  300. 

This  is  from  a  cornea,  macerated  in  a  solution  of  bichromate 
of  potash,  and  teased  out  in  acetate  of  potash  solution. 

Fig.  29.— Posterior  Epithelium  of  Cornea. 

X  BOO.    Silver,  Glycerine. 

This  is  from  the  cornea  of  an  albino  rabbit.  The  inter- 
cellular substance  is  stained  with  the  silver  ;  and  some  pseudo- 
stomata  are  seen.  The  nuclei  of  some  of  the  cells  are  well 
defined. 
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PLATE  XV. 


Fig.  30.— Vertical  Section  of  Cornea. 

X  200.    Logwood,  Dammar. 

1.  Anterior  epithelium,  nuclei  stained  deeply.  2.  Bowman's 
membrane,  undefined.  3.  Substantia  propria,  witli  lacunae. 
The  elongated  nuclei  of  the  corneal  corpuscles  and  the  round 
nuclei  of  the  lymphoid  cells  are  stained  deeply.  4  Descemet's 
membrane.    5.  Posterior  epithelium. 

Fig.  31.— Corneal  Corpuscles. 

X  400.    Gold,  Logwood,  Glycerine. 

These  are  from  the  cornea  of  a  frog.  A  nerve  fibril  is  seen 
crossing  the  corpuscle  on  the  right  side. 
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PLATE  XVI. 


Pig,  32.— Vertical  Section  of  Cornea  with  Inflam- 
matory Infiltration. 

x200  .  Glycerine. 

1.  Lamellfe  of  cornea,  between  which  there  are  round  cells, 
singly  or  in  groups.  2.  Larger  collection  of  round  cells,  and 
transverse  section  of  thin-walled  blood-vessel. 

Pig.  33.— Vertical  Section  of  Cornea  with  Purulent 

Keratitis. 

X  55.  Glycerine. 

1.  Anterior  epithelium,  irregular.  2.  Bowman's  membrane, 
uneven  and  interrupted.  3.  Descemet's  membrane,  bending 
outwards.  4.  Substantia  propria,  with  groups  of  round  cells 
and  some  blood-vessels.  5.  Dense  mass  of  pus.  This  is  at  the 
margin  of  a  large  perforation  in  the  cornea. 
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PLATE  XVII. 

Fis.  3-i.— Vertical  Section  of  anterior  portion  of  Cornea 
with  Pannus  and  Leucoma. 

X  55.  Glycerine. 

1.  Anterior  epithelium,  irregular.  2.  Thick  sub-epithelial 
laj'-er  of  round  cells  with  some  blood-vessels  (pannus).  3.  In 
this  region  there  are  many  blood-vessels  and  also  fragments  of 
Bowman's  membrane.  4.  Substanti-.  propria,  replaced  by 
cicatricial  tissue  (leucoma)  with  blood-vessels. 

Fig.  35.— Vertical  Section  of  anterior  portion  of 
Cornea  with  Pannus. 

X  300.  Glycerine. 

1.  Anterior  epithelium.  2.  Thin  sub-epithelial  layer  of  round 
cells.  3.  Anterior  layers  of  substantia  propria.  Bowman's 
membrane  is  not  seen. 

36.— Vertical  Section  of  posterior  portion  of 
Cornea  with  Descemetitis. 

X  200.  Glycerine. 

1.  Posterior  layer  of  substantia  propria,  with  some  round 
cells.  2.  Descemet's  membrane.  3.  Large  round  cells  in  irre- 
gular heaps  in  place  of  posterior  epithelium. 
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PLATE  XVIII. 


Pig.  37. — Vertical  Section  of  anterior  portion  of 
Eyeball  with  Corneal  Staphyloma. 

X  9.  Glycerine. 

This  is  from  a  woman,  forty-five  years  of  age,  with  a  large 
staphyloma  of  the  cornea  of  long  standing. 

1.  Conjunctiva.  2.  Sclerotic.  3.  Ciliary  body.  4.  Iris, 
much  thinned  and  atrophied.  The  periphery  is  pressed  against 
the  cornea,  and  the  anterior  chamber  is  almost  obliterated. 

5.  Anterior  corneal  epithelium  at  edge  of  staphyloma,  over 
which  it  is   continued  as   an  irregularly  thickened  layer. 

6.  Most  prominent  part  of  staphyloma.  7.  Posterior  margin  of 
staphyloma.  Descemet's  membrane  ceases  at  this  point ;  and 
the  iris  becomes  adherent  to  the  dense  fibrous  tissue  (leucoma), 
which  has  replaced  the  substantia  propria.  The  staphyloma  is 
an  uneven  bulging  forwards  of  this  cicatricial  connective  tissue 
with  blood-vessels  and  round  cells.  8.  Eemains  of  pigment  and 
sphincter  pupillas  muscle  adherent  to  staphyloma.  9.  Traces 
of  uvea  of  iris  adherent  to  staphyloma,  which  is  of  considerable 
thickness  opposite  this  spot.  10.  Black  masses  of  pigment 
from  uvea  of  iris,  attached  to  staphyloma,  which  is  compara- 
tively thin  at  this  part. 
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PLATE  XIX. 


Tig.  38 —Vertical  Section  of  Corneal  Wound. 

X  10.  Glycerine. 

This  is  from  a  girl,  fifteen  years  of  age,  who  received  a  con- 
tused wound  of  the  cornea.  There  was  an  extensive  prolapse 
o£  the  iris  with  free  hemorrhage,  and  the  globe  was  very  soft. 
Inflammation  of  the  iris  ensued,  and  nineteen  days  after  the 
injury  the  stump  of  the  collapsed  eyeball  was  removed. 

1.  Cornea.  Near  the  wound  the  lamellae  are  spread  out,  and 
the  cornea  is  thus  thickened.  Descemet's  membrane  bounds  the 
posterior  wavy  outline.  2.  Inflammatoiy  exudation,  occupying 
the  wide  wound.  3.  Eemains  of  pigment  from  ins  m  the 
exudation.  4.  Anterior  epithelium,  spreadmg  irregularly  over 
the  wound.  It  is  separated  from  the  underlying  exudation, 
probably  owing  to  the  hardening  of  the  specimen.  Bowman  s 
membrane  is  interrupted. 

Fig.  39.— Vertical  Section  of  Corneal  Cicatrix  with 
adJierent  Iris  and  Wounded  Lens. 

X  55.  Glyceiine. 

This  is  from  an  eyeball  removed  eight  weeks  after  a  penetrat- 
ing wound  of  cornea,  iris,  and  lens. 

1  Anterior  epithelium.    2.  Bowman's  membrane,  interrupted 
at  wound.    3.  Substantia  propria.    The  edges  of  the  lamella 
at  the  wound  are  rounded  off.    4.  Descemet  s  membrane  m- 
terrupted  at  the  wound  and  wavy.    5.  From  this  point  an 
oblique  cicatrix  mns  through  the  cornea,  composed  of  dense 
opaque,  fibrous  tissue.    It  is  continued  beneath  Bowman  s 
SLmbrLne  to  the  right  and  above  Descemet's  membrane  to  the 
left     6.  Iris,  infiltrated  with  inflammatory  round  cells,  and 
showin'  remkins  of  pigment.    It  is  adherent  to  the  cicatr>^ 
and  to  the  posterior  surface  of  the  cornea  at  a  little  distance 
from  this   (synechia  anterior  .     7.  Inflammatory  exudafaou 
nside  capsulJ  of  lens.     8.  Capsule  of  ^^^^^^^^^^'fj. 
wound.    9.  Amorphous  coagulated  material  adheient  to  pos 
terior  surface  of  capsule. 
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PLATE  XX. 


Fig.  40. — Vertical  Section  of  Wound  at  Margin  of 
Cornea,  with  Prolapse  of  Iris. 

X  10.  Glj'ceriue. 

This  is  from  a  child,  four  years  of  age,  Avho  received  a  pene- 
trating wound  at  the  mai'gin  of  the  cornea  four  weeks  before 
the  enucleation  of  the  eyeball. 

1.  Cornea,  thickened  near  wound  by  spreading  out  of 
lamella3.  2.  Sclerotic.  3.  Conjunctiva.  4.  "Wound,  gaping 
and  occupied  by  remains  of  prolapsed  and  inflamed  iris. 
b.  Remains  of  iris  with  pigment. 

Tig.  41. — Fatty  Debris  in  Anterior  Epithelium  over 
a  Corneal  Cicatrix. 

X  300.  Glycerine. 

EiG.  42. — Calcareous  Deposit  in  a  Corneal  Cicatrix, 

X  300.  Glycerino. 
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PLATE  XXI. 


Fig.  43.— Part  of  Vertical  Section  of  Corneal  Cicatrix. 

X  200.    Logwood,  Dammar. 

Tbe  cicatrix  was  very  narrow,  and  ran  in  the  direction  from 
1  to  1.  There  is  a  great  increase  in  the  number  of  the  cells, 
the  stained  nuclei  of  which  are  abundant. 

Fig.  44.— Vertical  Section  of  Cornea  with  Glaucoma- 
tous Keratitis,  Leucoma,  and  Debris. 

X  45.    Logwood,  Dammar. 
This  is  from  the  same  case  as  Fig.  180. 

1.  Anterior  epithelium,  thickened  ii-regularly.  2.  Dense 
fibrous  tissue  (leucoma),  with  clear  masses,  blood-vessels,  and 
collections  of  inflammatory  round  cells.  3.  Substantia  pro- 
pria. 4.  Posterior  surface.  Descemet's  membrane  is  indis- 
tinguishable. 

Fig.  45.— Meridianal  Section  of  CiUary  Region  twenty- 
eight  days  after  Sclerotomy  for  Glaucoma.  Syn- 
echia Anterior.   Pigment  in  Cornea. 

X  10.    Logwood,  Dammar. 

1.  Cornea.  2.  Sclerotic.  3.  Conjunctiva.  4.  Iris,  thinned 
and  atrophied.  5.  At  this  point  the  iris  is  adherent  to  the 
cornea,  where  the  incision  was  made.  Descemet's  membrane  is 
interrupted  here,  and  there  is  a  considerable  amount  of  pigment 
in  all  the  layers  of  the  cornea  at  this  part,  and  also  between  the 
inner  layers  from  this  towards  the  ciliary  body.  The  periphery 
of  the  iris  is  adherent  to  the  cornea  from  5  to  6.  6.  Anterior 
part  of  ciHary  processes.    7.  Ciliary  body,  atrophied. 
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PLATE  XXII. 


YiG.  46.— Anterior  portion  of  Eyeball  with.  Wound 
of  Cornea,  Cicatrix,  SynecMse,  and  Traumatic 
Cataract. 

X  10.  Gl)-cei-mo. 

This  is  from  a  girl,  eleven  years  of  age.  The  cornea  was 
wounded  near  the  centre,  and  at  the  same  time  the  capsule  of 
the  lens  was  injured.  Slight  prolapse  of  the  iris  occui-red,  and 
the  lens  became  opaque.  This  was  followed  by  irido-cyclitis 
and  cicatrization  of  the  wound;  and  forty-eight  days  after 
the  injury  the  eyeball  was  enucleated. 

In  addition  to  the  changes  drawn  in  the  figure,  the  shallow 
anterior  chamber  Avas  found  to  contain  a  little  pus ;  but  this 
dropped  out  of  the  sections  in  the  course  of  preparation. 

1.  Conjunctiva.  2.  Sclerotic.  3.  Ciliary  body,  infiltrated 
with  round  cells.  4.  Cornea.  5.  Wound  in  cornea,  occupied 
by  cicatricial  tissue  varying  in  density  at  different  parts,  con- 
taining pigment  and  blood-vessels  ;  it  is  continuous  with  a  mass 
of  similar  tissue  in  place  of  the  lens.  6.  Iris,  infiltrated  with 
round  cells.  The  pupillary  region  is  thickened,  and  adherent 
to  the  cornea  and  the  cicatrix  (synechia  anterior).  The  uveal 
pigment  layer  has  been  detached  at  various  places,  and  drawn 
into  the  inflammatory  material.  The  peripheral  portion  of  the 
iris  is  thinned,  and  bulges  forwards.  7.  Folded  remains  of  the 
wounded  capsule  of  the  lens.  A  delicate  band  of  fibres  connects 
this  with  the  pars  ciliaris  retinse  on  the  right  side.  8.  Inflam- 
matory material  in  the  situation  of  the  lens  and  adjacent 
vitreous,  composed  of  a  fibrous  mass  with  many  cells,  and  some 
pigment,  both  free  and  in  cells. 
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PLATE  XXIII. 


Fig.  47— Vertical  Section  of  anterior  portion  of 
Corneal  Cicatrix. 

X  30.  Glycerine. 
For  the  history  of  this  case  see  Pig.  77. 

1.  Anterior  epithelium,  irregularly  thickened.  2.  Bowman's 
membrane,  interrupted  and  folded  at  the  cicatrix.  3.  Sub- 
stantia propria.  4.  Cicatricial  tissue.  5.  Pigment  from  iris 
in  the  cicatrix.  6.  This  is  in  front  o£  the  cicatrix.  Under  a 
layer  of  epithelium  there  is  a  space  containing  round  cells, 
pigmented  cells,  and  fibrinous  cords.  It  is  bounded,  posteriorly 
by  epithelium  and  Bowman's  membrane  at  the  sides,  and  by 
cicatricial  tissue  in  the  middle. 


Pig.  48.— Vertical  Section  of  margin  of  Corneal 
Cicatrix  with  Prolapsed  Iris. 

X  30.  Glycerine. 

1.  Anterior  epithelium.  2.  Bowman's  membrane,  bending 
backwards  at  the  cicatrix.  3.  Substantia  propria.  4.  Des- 
cemet's  membrane.  Part  of  it  is  rolled  up  and  embedded  in  the 
cicatrix.  5.  Fibrous  tissue  in  the  cornea,  continuous  with  the 
cicatrix.  6.  Iris  near  prolapsed  portion.  The  uvea  is  broken 
np  and  partly  destroyed.  7.  Capsule  of  lens.  Part  of  it  is 
curled  np  in  the  posterior  portion  of  the  cicatrix.  8.  Some 
fibres  of  the  lens.  9.  Granular  debris  behind  the  capsule. 
10  Cicatricial  tissue  with  pigment  from  the  iris.  11.  Cica- 
tricial tissue  with  part  of  the  capsule  of  the  lens  embedded  m 
it  12.  Some  denser  bands  occur  here,  and  a  higher  power 
showed  these  to  be  blood-vessels  filled  with  corpuscles,  with 
which  the  anterior  portion  of  the  cicatrk  was  abundantly 
supplied.    13.  Epithelium  in  front  of  cicatrix. 
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PLATE  XXIV. 


Fig,  49.— Anterior  portion  of  acutely  inflamed  Stump 
of  Eyeball  after  Injury. 
X  10.  Glycerine. 

This  is  from  the  atrophied  stump  of  the  left  eye  of  a  man, 
forty  years  of  age.  It  was  blinded  by  an  injury  eleven  years 
before  enucleation,  and  was  acutely  inflamed  at  the  time  of 
removal. 

1  Coniunctiva,  with  collections  of  round  ceUs.    2.  Sclerotic. 
3  Margin  of  perforation  in  the  cornea,  which  was  conti-acted, 
v'ascular,  and  suppurating  (purulent  keratitis)      4  Cornea, 
infiltrated  with  inflammatory  cells  near  the  part  with  suppu- 
ration   Descemet's  membrane  is  detached,  and  lies  loose  behmd 
this    '5  Cornea.    6.  Swollen  and  distorted  iris,  plugging  the 
opening  in  the  cornea  (prolapse).    It_  is  crammed  with  round 
cells  (purulent  iritis) ;  and  the  uvea  is  much  broken  up,  and 
separated  from  its  posterior  surface.    Descemet  s  membrane  is 
seen  intervening  between  the  ins  and  the  inflamed  cornea. 
The  anterior  chamber  is  obliterated.    7.  In  front  of  this  is  a 
portion  of  the  iris,  infiltrated  with  leucocytes ;  its  uvea  is  partly 
detached  and  destroyed,  and  partly  embedded  m  the  inflamma- 
tory P^^'i'^ts  behind  this.    8.  In  front  of  this  the  ins  is 
no/mal.    Behind  it  the  ciUary  processes  are  much  elongated; 
the  pars  ciliai-is  retiuEe  is  increased  ^  thickness  and  contains 
many  round  cells.    A  similar  condition  of  the  ciliary  processes 
SteL  on  the  opposite  side.    9.  This  is  behind  the  cfliary  body, 
S  is  detached  and  dragged  inwards  by  the  inflammato^ 
membrane.    Its  inner  layers  are  filled  with  leucocytes.  The 
disSnce  between  the  ciliary  processes  on  the  opposite  sides  of 
tie  e?ebal  is  decreased.    10.  Choroid    The  pigment  layer  is 
wantSg  at  the  right  side.    11.  In  front  of  this  are  fibres  of  the 
Tonula  of  Zinn,  passing  inwards  from  the  cihary  body.  There 
is  some  pigment  amonist  them.    12.  Inflammatory  membrane. 
Tt  iHttached  in  front  to  folds  of  Descemet's  membrane  and  the 
Sflamed  kis    In  this  part,  which  is  rich  in  round  cells,  the 

choroid  in  which  there  was  a  formation  ot  bone.    14.  t^oiiec 
its  of  inflammatory  round  cells.  ^^^-^^flf.ClZ^^ 
detached  retina,  forming  a  loose  network  of  fibres  witn 

Abundant  nuclei. 
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PLATE  XXV. 


Fig.  50.— Anterior  portion  of  Eyeball  with  Shrinking 

after  Injury. 

X  10.  Glycerine. 

This  is  from  the  right  eye  of  a  man,  seventeen  years  of  age. 
A  thin  scale  of  iron  passed  backwards  through  the  lower  and 
outer  part  of  the  coraea,  iris,  and  lens,  and  lodged  in  the  scle- 
rotic near  the  optic  disc.  The  accident  was  followed  by  loss  of 
lens  substance,  irido-cyclitis,  complete  detachment  of  the  retma, 
and,  iiltimately,  partial  shrinking  of  the  globe.  Three  montlis 
after  the  injury  the  eyeball  was  enucleated. 

1.  Conjunctiva.     2.  Sclerotic.     3.  Cornea.     The  anterior 
epithelium  is  irregularly  thickened,  and  the  posterior  surface  is 
uneven.    4.  At  this  part  the  corneal  wound  was  indicted.  It 
is  covered  by  a  thick  layer  of  epithelium,  behind  which 
Bovvman's  membrane  is  wanting.    5.  Large  gap  in  the  cornea, 
bounded  in  front  by  a  comparatively  thin  layer  of  cicatricial 
tissue,  in  which  Bowman's  membrane  is  folded  up.    6.  Choroid. 
•  7  Ciliary  body.    8.  Inflammatory  membrane,  resulting  from 
cyclitis.    It  is  chiefly  fibrous  tissue,  rich  in  cells;  pigmented 
cells  and  free  particles  of  pigment  are  scattered  throughout  it. 
In  front  are  masses  of  pigment,  which  form  the  only  traces  of 
the  iris  present.     9.  Fragment  of  the  capsule  of  the  lens. 
10.  Eemains  of  retina.    11.  At  this  side  all  that  is  left  of  the 
ciliary  body  is  the  ciliary  muscle  with  a  little  of  the  surround- 
ing  stroma. 


pl.xrv 


C  Free*  PoLiotK,  del 


! 

1 


PLATE  XXVL 


jTjg  51 —Anterior  portion  of  EyebaU  "with  Corneal 
Staphyloma  and  Ulcer,  Cataract,  and  Detachment 
of  Retina  and  Choroid. 

X  10.  Glycerine. 

Tbis  is  from  a  man,  thirty  years  of  age,  witli  complete  staphy- 
loma of  the  cornea,  towards  the  centre  of  which  there  was  an 
ulcer.  The  retina  was  detached,  and  passed  as  a  cord  forwards 
from  the  disc  towards  the  posterior  surface  of  the  lens.  _  The 
choroid  was  detached  by  hfemorrhage;  its  anterior  portion  is 
shown  in  the  figure,  and  posteriorly  it  was  attached  to  the 
margin  of  the  disc. 

1  Coniunctiva,  infiltrated  with  round  cells.    2.  Sclerotic. 
3  Cornea     It  is  considerably  thinned;  behind  the  anterior 
epithelium  is  a  layer  of  round  cells  with  blood-vessels  (pannus) ; 
and  the  posterior  surface,  covered  with  Descemet  s  membrane 
is   uneven     4.  Cornea,  with  pannus    and  infiltrated  with 
leucocytes.     5.  At  this  part  the  cornea  is  uneven  owing  to 
ulceration.    The  position  of  the  ulcer,  in  front  of  the  corneal 
layers,  is  occupied  by  cicatricial  tissue,  covered  with  epithelium. 
6  Between  this  point  and  the  ulcer  the  corneal  substantia 
OTopria  was  replaced  by  dense  cicatricial  tissue  leucoma), 
covered  anteriorly  by  thickened  and  uneven  _  epithelmm,  and 
united  posteriorly  to  the  iris  (synechia  anterior).    Descemet  s 
membrane  is  wanting.     7.  In  front  of  this  the  altered  iris 
forms  a  thin  layer  of  varying  thickness.    It  is  adherent  to  the 
cornea  (synechia  anterior);  and  the  uvea  is  much  l^roken  up 
and  detached.    8.  Space  intervening  between  the  ins  and  the 
uvea  containing  fibrine,  round  cells,  and  collections  of  pigment 
free  and  in  cells.     9.  Remains  of  ms,  forming  ^^tle 
more  than  a  pigmented  line  behind  the  cornea.     10  Cdiary 
body,  detached.    The  ciliary  processes  are  much  atrophied, 
n.  Choroid,  detached  by  extensive  ^ub-choroidal  ha3morrhage. 
It  contained  some  collections  of  round  eel  s  and  blood  coi- 
pusclet    12.  Blood-clot.     13.  Capsule  of  the  lens,  which  is 
drsplaced  forwards.    It  is  adherent  in  front  to  the  cornea,  and 
JniW  to  the  remains  of  the  iris  by  inflammatory  membranes 
^synechia  posterior).    U.  Cortical  lens  fibres.    15.  Calcareous 
St  in  the  lens.     16.  Traces  of  the  detached  retina, 
i?"^  Fibrous  tissue,  with  remains  of  the  zonula  of  Zi^in  uniting 
the  capsule  of  the  lens  to 

tion  of  detached  ret  na,  in  which  indications  of  the  layeis  can 
be  distinguished.  It  is  adherent  anteriorly  to  the  tissue  about 
the  lens. 
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PLATE  XXVII. 


Pig.  52.— Vertical  Section  of  Sclerotic,  Choroid, 
and  Retina. 

X  200.    Stained,  Dammar. 
•  This  is  from  the  eyehall  of  a  child,  nine  months  old;  5  milU- 
metres  behind  the  ora  serrata. 

1  Loose  connective  tissue  outside  sclerotic.  2.  Sclerot:c. 
3.  Pigmented  cells  in  the  inner  layers  of  the  sclerotK>.  4.  La- 
H.ina  fusca,  outside  peri-choroidal  space.  5  Choroid.  6.  Pxg- 
xnented  epithelium,  inside  lamina  vitrea  of  choroid.  7.  Eods 
and  cones  of  retina.  8.  External  nuclear  layer  of  retina^ 
9.  Internal  nuclear  layer.  10.  Ganglionic  nerve  cells  and 
nerve  fibre  layer.    11.  Membrana  limitans  interna. 
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PLATE  XXVIII. 


Fig.  53— Vertical  Section  of  Sclerotic,  showing  Pig- 
mented Cells  in  Shieath  of  Blood-vessel  and 
Nerve. 

X  45.  Glycerine. 

1.  Lamina    fusca,    lining    internal    surface    o£  sclerotic. 
2.  Sclerotic.    3.  Blood-vessel.    4.  Nerve,  cut  obliquely. 

Fig.  54.— Oblique  view  of  Lamina  Fusca. 

X  200.  Dammar. 

1.  Internal  surface  of  sclerotic,  seen  obliquely,  and  showing 
pigmented  cells. 

Fig.  55.— Two  groups  of  Branched  Pigmented  Cells 
from  Lamina  Fusca. 

X  300.  Glycerine. 

Fig.  56.— Layer  of  Epithelioid  Cells  lining  Internal 
Surface  of  Sclerotic. 

X  300.    Silver,  Glycerine. 

This  is  from  an  albino  rabbit.    The  intercellular  substance  is 
stained  by  the  silver. 

Fig.  57.— Layer  of  Epithelioid  CeUs  covering  the  Sur- 
face of  the  Scleral  portion  of  the  Capsule  of 
Tenon. 

X  300.    Silver,  Glycerine. 

The  silver  has  stained  the  Intercellular  substance  and  also 
some  of  the  cells  in  different  degrees. 
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PLATE  XXIX. 


Fig.  68.— Portion  of  Vertical  Section  of  Sclerotic 
with  Sclerotitis. 

X  300.  Glycei-ine. 

1.  Bands  of  scleral  fibres.     2.  Inflammatory  round  cells 
between  the  bundles  of  white  fibrous  tissue. 

Fig.  59.— Vertical  Section  of  Thickened  Sclerotic. 

X  6.  Dammar. 

This  is  from  the  stump  of  an  eyeball  with  chronic  atrophy. 
The  contracted  cornea  was  converted  into  a  vascular  fibrous 
mass ;  the  iris  was  quite  destroyed ;  and  a  loose  fibrous  tissue 
with  pigmented  cells  occupied  the  position  of  the  ciliary  body. 
The  remains  of  the  choroid  and  retina  were  massed  together,  as 
a  fibrous  pigmented  structure  with  spicules  of  bone,  inside  the 
shrunken  globe. 

1.  External  surface.  2.  Internal  surface,  with  wavy  folds. 
3.  Anterior  portion,  of  normal  thickness.  4.  Posterior  portion, 
greatly  thickened. 

Fig.  60.— Vertical  Section  of  Cicatrix  of  Sclerotic, 
Choroid,  and  Retina. 

X  20.  Dammar. 

This  is  from  a  man  whose  right  eye  received  a  blow,  resulting 
in  rupture  of  the  sclerotic  at  the  anterior  part  of  the  inner  side. 
Intra-ocular  haemorrhage  was  followed  by  cyclitis  and  ultimate 
softening  of  the  globe;  and  forty-three  days  after  the  accident 
the  eyeball  was  removed. 

1.  Sclerotic.  2.  Choroid,  interrupted  at  the  cicatrix.  3.  Ee- 
tina,  detached,  folded,  and  adherent  to  the  cicatrix.  4.  Cica- 
tricial tissue  running  obliquely  through  the  sclerotic.  5.  Ee- 
mains  of  choroid  and  retina  in  cicatricial  fibrous  tissue. 
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PLATE  XXX. 


Fig.  61.— Outlines  of  Meridianal  Sections  of  Iris. 

X  12.  Glycerine. 

These  are  all  from  adults.  I.  and  II.  are  from  the  same  eye ; 
III.  and  IV.  are  from  different  eyes. 

1.  Anterior  surface.  The  outline  has  large  waves.  2.  Uvea. 
The  posterior  surface  has  many  small  prominences  in  I.,  II., 
and  IV. ;  the  pigment  layer  is  continued  round  the  pupillary 
edge  in  I.,  II.,  and  III.  3.  Ciliary  margin,  or  root,  of  iris. 
4.  Pupillary  margin.  The  transverse  section  of  the  sphincter 
pupiUss  muscle  appears  as  a  rod  of  variable  shape  and  size. 

Fig.  62.— Epithelioid  Cells  covering  Anterior  Siirface 
of  the  Iris  of  an  Albino  Babbit. 

X  300.    Silver,  Glycerine. 
The  intercellular  substance  is  stained  by  the  silver. 
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PLATE  XXXI. 


Fig.  63.— Vertical  Section  of  Iris. 

X  300.  Glycerine. 

This  is  from  a  fair  person  with  "  blue  eyes." 

1.  Anterior  surface,  rich  in  cells.  2.  Stroma,  mth  many 
branched  and  round  granular  cells  and  fibres  of  connective 
tissue.  The  fibrous  tissue  is  more  abundant  towards  the 
posterior  surface.  Two  pigmented  cells  occur  about  the  centre 
of  the  figure,  and  a  small  collection  of  pigment  is  seen  nearer 
the  posterior  surface ;  a  cross  section  of  a  small  blood-vessel  is 
l^resent  towards  the  lower  corner  on  the  left  side.  3.  A  nerve. 
4.  Layer  of  radiating  fibres.    5.  Uvea  or  pigment  layer. 

Pig.  64.— Isolated  Branched  Cells  from  tlie  posterior 
part  of  the  Iris. 

X  300.  Glycerine. 
The  processes  of  two  of  them  unite. 

Fig.  65.— Portion  of  Posterior  Surface  of  Iris. 

X  300.    Stained,  Glycerine. 

The  uvea  has  been  brushed  off;  a  branched  cell  of  the 
stroma  is  seen  covered  by  the  layer  of  radiating  fibres  with  their 
nuclei. 
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PLATE  XXXII. 


Pig.  66. — ^Vertical  Section  of  Iris  of  Negro. 

X  300.  Glycerine. 

1.  Anterior  surface ;  individual  cells  cannot  be  distinguished. 
2.  Stroma,  witli  large  branched  cells  filled  with  brown  pigment, 
pigmented  round  cells,  unpigmented  round  cells,  and  connective- 
tissue  fibres.  Some  of  the  pigmented  masses,  which  appear  as 
round  cells,  may  be  transverse  sections  of  branched  cells  or  of 
their  processes.    3.  Uvea. 

Pig.  67. — Anterior  Surface  of  Iris. 

X  30.  Glycerine. 

The  uvea  has  been  brushed  off,  and  only  the  inner  two-thirds 
of  the  breadth  of  the  iris  are  seen. 

1.  Pupillary  edge.  2.  Eegion  of  sphincter  pupillae  muscle, 
in  which  little  can  be  distinguished  owing  to  the  density  of  the 
tissue  and  the  presence  of  pigment.  3.  Bundles  of  stroma, 
radiating  irregularly  from  the  pupil.  An  indication  of  their 
continuation  over  the  sphincter  can  be  made  out  here  and  there. 
The  peripheral  third  of  the  iris,  which  is  not  drawn,  was  similar 
in  appearance  to  the  lower  margin  of  the  figure. 
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PLATE  XXXIII. 


Fig.  68.— Vertical  Section  of  anterior  layer  of  Iris 
with  Iritis. 

X  300.  Glycerine. 

1 .  Large  granular  cells  on  surface  of  iris ;  one  has  two  nuclei 
and  a  constriction  about  the  middle ;  others  are  attached  by  a 
slender  pedicle.  2.  Anterior  layer  of  iris,  with  inflammatory 
round  cells. 

Fig.  69. — Vertical  Section  of  anterior  layer  of  Iris  in 
Purulent  Iritis  with  Hypopyon. 

X  300.  Glj'cerLae. 
For  the  history  of  the  case  see  Fig.  146. 

1.  Anterior  layer  of  iris,  with  inflammatory  round  cells. 

2.  Adherent  material  in  anterior  chamber,  composed  of  thin 
strings  of  librine  forming  an  irregular  network,  round  cells, 
pus  cells,  and  a  small  collection  of  pigment. 

Fig.  70. — Vertical  Section  of  posterior  layer  of  Iris 
with  Purulent  Iritis. 

X  300.  Glj'oerine. 

1.  Muscular  fibres  from  sphincter  pupill^.  2.  Closely 
packed  infiltration  of  round  cells  and   fibrinous  coagulum. 

3.  Uveal  jDigment,  breaking  up  into  masses  and  free  granules. 

Fig.  71. — Vertical  Section  of  posterior  layer  of  Iris 
in  Iritis  with  Synechia  Posterior  and  detachment 
of  Uvea. 

X  300.  Glyceriue. 
This  is  from  the  same  case  as  Fig.  51. 

1.  Posterior  layer  of  stroma  of  iris,  with  inflammatory  round 
cells  and  collections  of  pigment.  The  layer  of  radiating  fibres 
cannot  be  distinguished.  2.  Uvea,  separated  from  the  stroma, 
and  irregular.  3.  Intervening  space,  containing  granular 
material,  strings  of  fibrine,  inflammatory  round  cells,  large 
round  granular  cells,  clumps  of  pigment,  and  large  cells  with 
clear  walls  and  brownish    granules    of    considerable  size. 

4.  Layer  of  inflammatoi-y  exudation  behind  uvea. 
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Fig.  72.— Vertical  Section  of  posterior  layer  of  Iris  in 
Iritis  with  detached  Uvea,  Synechia  Posterior,  and 
Wound  of  Lens. 

X  300.  Glycerine. 
This  is  from  the  same  case  as  Fig.  77. 

1.  Posterior  layer  of  iris,  with  inflammatory  round  cells  and 
small  collections  of  pigment.  2.  Uvea,  detached  and  of 
unequal  thickness.  3.  Capsule  of  lens.  4.  Granular  coagu- 
lated material,  -with  more  or  less  clear  vesicles  and  knobs  of 
various  sizes,  between  the  stroma  of  the  iris  and  the  uvea. 
5.  Newly  formed  tissue  uniting  uvea  to  capsule  of  lens,  formed 
of  fibrous  tissue,  round  cells  of  difEerent  sizes,  pigmented  round 
cells,  large  cells  with  clear  walls  and  brownish  granules,  free 
particles  of  pigment  in  small  accumulations,  and  some  granular 
amorphous  substance.  C.  Inflammatory  products  inside  cap- 
sule of  lens,  composed  of  round  cells  of  various  sizes  and  many 
fibres,  along  with  granular  substance. 

Fig.  73.— Meridianal  Section  of  Ciliary  Begion  in 
Irido-cyelitis  vsrith  Synechia  Posterior  at  the 
Pupil. 

X  10.  Glycerine. 

1.  Cornea.  2.  Conjunctiva.  3.  Sclerotic.  4.  CiUary  body. 
5.  Iris,  bulged  forwards.  The  pupillary  edge  is  adherent  to  the 
capsule  of  the  leas  ;  and  the  pupil  was  funnel-shaped,  owing  to 
the  protrusion  of  the  iris.    6.  Capsule  of  lens. 


C.FlltD  POLUICM.  DCl 


Oattb  ft  F^unciman,  Glasgow,  impi 


I 


PLATE  XXXV. 


Fig.  74. — Vertical  Section  of  Cornea,  Iris,  and  Lens 
in  Traumatic  Iritis,  with  Pupillary  Membrane  and 
Synechia  Posterior. 

X  30.  Glycerine. 

1.  Auterior  epithelium  of  cornea.  2.  Bowman's  membrane. 
3.  Substantia  propria  of  cornea.  4.  Coagulated  fibrine  in 
anterior  chamber.  5.  Pupillary  jjortion  of  iris.  The  contracted 
pupil  is  occupied  by  a  layer  of  fibrous  tissue,  which  was  attached 
all  round  to  the  iris  (occlusion).  6.  Capsule  of  lens,  to  which 
the  iris  is  adherent  (synechia  posterior).  7.  Granular  material 
inside  capsule  of  lens.   8.  Fibres  of  lens. 

Fig.  75. — Vertical  Meridianal  Section  of  Atrophied 
Iris  in  Glaucoma. 

X  300.  Glycei-ine. 

1.  Anterior  surface.  2.  Uvea.  The  iris  is  very  thia,  and  the 
stroma  is  replaced  by  fibrous  tissue,  in  which  there  are  a  few 
cells  and  some  granular  pigment. 

Fig,  76.— Vertical  Section  of  Atrophied  Cornea  and 

Iris. 

X  10.  Glycerine. 

This  is  from  a  boy,  nine  years  of  age,  whose  right  eye  was 
injured  by  a  shot.  Partial  shrinking  of  the  globe  occurred,  and 
the  stump  was  removed  fifteen  weeks  after  the  accident. 

1.  Conjunctival  tissue.  2.  Central  portion  of  atrophied  and 
shrivelled  cornea.  The  surfaces  are  uneven,  and  the  lamina 
are  no  longer  regularly  disposed.  Towards  the  margin  the 
normal  arrangement  is  partly  retained.  3.  Sclerotic.  4.  Ins, 
represented  by  a  thin  fibrous  membrane,  stretching  across 
behind  the  cornea,  and  attached  at  the  comeo-scleral  junction. 
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Fig.  77— Anterior  portion  of  EyebaU  with  Wound 
of  Cornea,  Iris,  and  Lens. 

X  10.  Glycerine. 

This  is  from  a  man,  nineteen  years  of  age,  who  received  a  wound 
at  the  margin  of  the  left  cornea  fifty-four  days  before  the  eye- 
ball was  enucleated.  The  injury  was  followed  by  atrophy  and 
softening.  The  condition  of  the  anterior  segment  is  shown  in 
this  figure,  and  the  parts  about  the  disc  in  Pig.  174. 

1.  Conjunctiva.  2.  Sclerotic.  3.  Cornea,  greatly  thickened, 
especially  towards  the  wound.  4.  At  this  spot  the  anterior 
corneal  layers  are  replaced  by  fibrous  tissue  (leucoma),  ap- 
parently indicating  the  position  of  an  ulcer,  which  has  healed. 
5.  The  cornea  is  dragged  backwards  in  this  region,  where  the- 
wound  passes  through.  The  cicatrix  contains  pigment  from 
the  iris,  and  is  continuous  with  some  fibrous  tissue,  occupying 
the  whole  thickness  of  the  cornea  nearer  the  ciliary  region,  the 
result  of  local  keratitis.  6.  Iris.  The  periphery  is  pressed 
against  the  ligamentum  pectinatum,  the  spaces  iu  which  are, 
however,  quite  open.  The  pupillary  margin  is  adherent  to 
the  cornea  at  the  cicatrix  (synechia  anterior).  The  uvea  is 
much  broken  up,  and  lies  as  large  masses  of  pigmented  cells 
iu  the  inflammatory  exudation  beliind  the  iris ;  towards  the 
periphery,  spaces  occur  between  the  stroma  of  the  iris  and 
the  uvea,  in  which  there  is  granular  coagulated  material. 
iNothing  can  be  seen  of  the  iris  at  the  opposite  side  except  some 
scattered  pigment.  7.  Ciliary  body,  detached  and  dragged 
inwards.  It  is  infiltrated  with  round  cells,  which  are  specially 
numerous  iu  the  inner  layers  (cyclitis).  The  distance  between 
the  ciliary  body  on  the  opposite  sides  of  the  eyeball  is  dimi- 
nished. 8.  Choroid,  infiltrated  with  round  cells  (choroiditis), 
and  detached.  9.  Fibrinous  coagulum,  in  the  form  of  strings 
and  vesicles,  among  the  loose  tissue  between  the  choroid  and 
the  sclerotic.  10.  Portion  of  capsule  of  lens,  with  some  cortical 
fibres  of  the  wounded  lens.  11.  Peripheral  part  of  the  retina, 
detached,  and  adherent  to  the  cyclitic  membrane.  12.  Blood- 
clot.  It  is  becoming  organized,  where  it  is  continuous  with  the 
inflammatory  exudation  in  front.  13.  Delicate  fibrous  tissue, 
with  many  cells  and  containing  traces  of  the  zonula.  14.  In- 
flammatory exudation  behind  iris,  with  remains  of  capsule  of 
lens,  masses  of  detached  uvea,  scattered  particles  of  pigment, 
cells  from  the  iris,  and  a  considerable  amount  of  blood-clot. 
15.  Some  retinal  elements. 
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Fig.  78.— Internal  Surface  of  Choroid,  covered  with 
Pigmented  Epithelium. 

X  10.  Glycerine. 

This  is  from  a  person  with  fair  hair.  The  collections  of  pig- 
ment in  the  stroma  between  the  blood-vessels  are  seen  as 
darker  areas. 

Fig.  79.— Internal  Surface  of  Choroid  without 
Pigmented  Epithelium. 

X  10.  Glycerine. 

This  is  from  a  person  with  dark  hair.  The  pigmented 
epithelium  has  been  brushed  oii ;  and  the  distribution  of  the 
pigment  in  the  stroma  is  very  distinct. 

Fig.  80.— Vertical  Section  of  Choroid. 
X  300.  Glycerine. 

This  is  from  the  fundus,  at  a  short  distance  from  the  optic 
disc. 

1.  Pigmented  epithelium  on  inner  surface.  2.  Lamina 
vitrea.  3.  Membrana  chorio-capillaris.  4.  Stroma,  with  sec- 
tions of  large  empty  blood-vessels,  fibrous  tissue,  pigmented 
corpuscles,  and  some  leucocytes.    5.  External  surface. 
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Fig.  81.— Isolated  Branched  Pigmented  Cells  from 
Stroma  of  Choroid. 

X  300.  Glycerine. 

Fig.  82.— Nerve  from  Choroid,  with  Pigment  among 

the  Fibres. 

X  300.  Glycerine. 

Fig.  83. — Lymphatics  of  Choroid. 

X  300.    Silver,  Glycerine. 
This  is  from  an  albino  rabbit. 

1.  Eootlets  of  lymphatic  capillaries,  consisting  of  spaces  left 
white  among  areas  of  connective  tissue  stained  with  the  silver. 
2.  Origin  of  lymphatic  vessels,  the  outlines  of  the  endothelial 
cells  being  stained  by  the  silver. 
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Fig.  84.— Endothelium  of  Choroidal  Blood-vessels. 

X  300.    Silver,  Glycerine. 

The  intercelhilar  substance  is  stained  by  the  silver ;  one  or 
two  small  openings  occur  in  it. 

Fig.  85.— Epithelioid  Cells  covering  External  Surface 
of  Lamina  Supra-choroidea. 

X  300.    Silver,  Glycerine. 

The  intercellular  substance  is  stained  by  the  silver;  the 
nuclei  of  some  of  the  cells  are  well  defined. 

Fig.  86.— Group  of  Branched  Pigmented  Cells  among 
Fibres  from  Lamina  Supra-choroidea. 

X  300.  Glycerine. 

Fig.  87.— Group  of  large  Unbranched  Pigmented  Cells 
from  Lamina  Supra-choroidea. 

X  300.  Glycerine. 

Fig.  88.— Pigmented  Epithelium. 
X  300.  Glycerine. 

1.  Surface  view  of  cells  in  group.  2.  Isolated  cells,  seen  from 
the  side,  showing  the  clear  outer  portion. 

Fig.  89.— Pigmented  Epithelium. 

X  300.    Silver,  Glycerine. 

This  is  from  a  person  with  fair  hair,  and  the  two  groups  are 
from  the  same  region  of  the  fundus. 

1.  aroup  of  larger  cells.  2.  Group  of  smaller  cells.  The 
intercellular  substance  is  stained  by  the  silver. 
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Fig.  90.— Internal  Surface  of  Choroid  with  Hyaline 
Excrescences  of  Lamina  Vitrea. 

X  45.  Glycerine. 

There  is  an  accnmulation  o£  pigment  round  and  over  the 
raised  nodules ;  and  the  pigmented  epithelium  is  partly  atro- 
phied, especially  towards  the  right  side  of  the  figure. 

Fig.  91.— Vertical  Section  of  Hyaline  Excrescences 
of  Choroidal  Lamina  Vitrea. 

X  300.  Glycerine. 

1.  Internal  surface  of  choroid,  with  large  compound  excre- 
scences and  some  smaller  simple  ones.  The  pigmented  epithe- 
lium is  wanting;  and  there  is  an  accumulation  of  pigment 
about  the  nodules.  2.  External  surface  of  choroid.  The 
choroid  is  greatly  atrophied  and  thinned,  consisting  of  fibrous 
tissue  with  lines  of  pigment.  3.  Near  this  there  is  a  blood- 
vessel with  some  blood  corpuscles. 

Fig.  92.— Vertical  Section  of  Hyaline  Excrescences  in 
Detached  Retina  in  CyeUtic  Membrane. 

X  200.  Glycerine. 
This  is  from  the  same  case  as  Fig.  139. 

The  clear  highly  refractive  masses  have  delicate  and  some- 
what concentric  lines  through  them.  Collections  of  pigment 
cover  their  surfaces  at  various  places ;  and  they  are  embedded 
in  a  loosely  fibrous  mass,  which  formed  the  greatly  altered 
remains  of  a  portion  of  detached  retina  embedded  in  a  cyclitic 
membrane. 
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Fig.  93.— Vertical  Section  of  Hyaline  Bodies  in 
Altered  Choroid. 

X  300.  Glycerine. 

This  is  from  a  boy,  eleven  years  of  age.  Part  of  the  right 
eyeball  was  removed  when  he  was  five  years  old,  and  the 
remaining  stump  six  years  later. 

1.  Fibrous  tissue  of  atrophied  choroid.  2.  Masses  of  pigment, 
dark  in  some  places  and  lighter  in  others.  The  compound 
hyaline  bodies  occupy  the  centre  of  the  figure,  and  are  com- 
posed of  clear  glassy  structures,  in  which  the  marking  with 
concentric  lines  is  very  distinct. 

Fig.  94.— Vertical  Section  of  Choroid  with  Intra- 
ehoroidal  Haemorrhage  following  injury. 

X  30.  Glycerine. 

1.  Internal  surface.  2.  External  surface.  3.  Blood-clot, 
dividing  the  choroid  into  two  layers. 

Fig.  95.— Vertical  Section  of  Periphery  of  Choroid 
with  Hypersemia  and  (Edema. 

X  300.  Glycerine. 

1.  Pigmented  epithelium.  2.  Lamina  vitrea  and  chorio- 
capillaris.  3.  Larger  blood-vessels,  distended  with  blood 
corpuscles.  4.  Pigmented  cells  of  stroma.  5.  Longitudinal 
section  of  nerve  on  outer  surface  of  choroid.  6.  Coagulated 
granular  material,  concealing  the  proper  structure  of  the 
choroid.   The  spaces  in  it  are  mostly  empty  blood-vessels. 
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I'iG.  96.— Vertical  Section  of  Choroid  with  CEdema. 

X  300.  Glycerine. 

1.  Pigraented  epifheliura.  2.  Lamina  vitrea  and  chorio- 
capillaris ;  the  latter  is  almost  indistinguishable.  3.  External 
layer  of  choroid.  4.  Pigmented  cells  of  stroma.  5.  Amorphous 
irregularly  granular  material,  which  almost  entirely  conceals 
the  normal  structure  of  the  choroid.  There  are  empty  spaces 
in  it,  some  of  them  vacuoles  in  the  coagulated  substance  and 
others  sections  of  blood-vessels.  The  thickness  of  the  choroid 
is  considerably  increased. 

jijQ  97 —Vertical  Section  of  Choroid  in  Retinitis 
Albuminurica. 

X  300.  Glyooriue. 

1.  Pigmented  epithelium.  2.  Lamina  vitrea  and  chorio- 
capillaris.  '6.  External  layers  of  choroid,  to  which  the  pig- 
mented cells  of  the  stroma  are  confined  in  this  case.  4.  Is'ear 
this  there  is  an  area  occupied  by  coagulated  granular  material, 
in  which  are  small  spaces.  Transverse  sections  of  two  arteries 
are  seen,  with  thickened,  transparent,  and  highly  refractive 
walls.  Between  them  there  are  some  inflammatory  round  cells. 
The  choroid  is  comparatively  thin. 
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Fig.  98.— Vertical  Section  of  Choroid  with. 
Choroiditis. 

X  200.  Glycerine. 

1.  Pigmented  epithelium.  2.  The  pigment  layer  is  absent 
here.  3.  Chorio-capillaris  and  lamina  vitrea.  4.  Outer  layers, 
with  coagulated  granular  material,  in  which  there  are  lacunae 
and  pigmented  cells.  5.  Normal  choroidal  tissue.  6.  Very 
wide  vessels,  filled  with  blood  corpuscles.  7.  Local  infiltration 
of  inflammatory  round  cells.  To  the  left  side  of  this  are 
sections  of  empty  blood-vessels. 

YiQ,  99.— Small  part  of  Section  of  Choroid  with 
Choroiditis  and  Intra-choroidal  Haemorrhage. 

X  300.  Glj'cerine. 

1.  Fibrous  tissue.  2.  Branched  pigmented  cell  of  stroma- 
.3.  Large  roundish  cells,  with  clear  walls  and  containing  brown- 
ish granules. 

Fig.  100.— Fatty  CeUs  in  Choroid. 

X  300.  Glycerine. 

This  is  from  a  case  of  intra -ocular  round-celled  sarcoma. 

1.  Fibrous  tissue.  2.  Pigmented  cells  of  stroma,  breaking 
up,  and  surrounded  with  free  particles  of  pigment  and  fatty 
granules.  3.  Cells  filled  with  fatty  granules.  4.  Cells  dis- 
tended with  fatty  globules  Some  separate  molecules  of  fat  he 
near  them. 
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Fig.  101.— Vertical  Section  of  Choroid  with  Purulent 

Choroiditis. 

X  45.  Glycerine. 

This  is  from  an  eye  enucleated  five  weeks  after  an  injury. 

1.  Pigmented  epithelium.  2.  Outer  layers.  The  thickness  of 
the  choroid  is  greatly  increased,  owing  to  a  dense  infiltration 
with  round  cells.  The  jjigmented  cells  of  the  stroma  are 
intact ;  and  sections  of  blood-vessels  occur  here  and  there,  one 
being  filled  with  blood-clot. 

Fig.  102.— Vertical  Section  of  inner  layers  of  Choroid 
with  Purulent  Choroiditis. 

X  300.  Glycerine. 

This  is  a  portion  of  Fig.  101  more  highly  magnified. 

1.  Pigmented  epithelium,  thicker  than  usual.  2.  Clear  outer 
portion  of  the  pigmented  cells,  in  which  the  nuclei  are  very 
distinct.  3.  Lamina  vitrea.  4.  Chorio-capillaris.  5.  Choroidal 
tissue,  crammed  with  round  cells,  among  which  only  the 
pigmented  corpuscles  of  the  normal  stroma  can  be  distm- 
guished. 

Fig.  103.— Vertical  Section  of  inner  layers  of  Choroid 
with  Purulent  Choroiditis. 

X  300.  Glycerine. 

1.  Granular  coagulated  material  lying  on  the  internal  surface 
of  the  choroid,  with  lacuna.  2.  Mass  of  pigment  in  place  of 
pigmented  epithelium.  3.  Lamina  vitrea.  4.  Dense  infiltra- 
tion of  round  cells.  5.  Place  at  which  the  inflammatory 
exudation  has  spread  through  the  internal  layers  of  the 
choroid. 
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Fig.  104.— Vertical  Section  of  Choroid  witli 
Formation  of  Bone. 

X  30.  Glycerine. 
This  is  from  the  same  case  as  Tig.  49. 

1.  External  surface  of  choroid.  2.  Pibrous  tissue  forming 
membrane  on  internal  surface  of  choroid.  There  is  no  trace  of 
the  pigmented  epithelium.  3.  Bone,  with  irregular  spaces, 
some  of  which  are  Haversian  canals  with  the  ordinary  con- 
centric arrangement  of  the  lacunee  round  them,  while  others  are 
occupied  by  granular  and  fibrous  material. 

Fig.  105.— Longitudinal  Section  of  Entrance  of  Optic 
Nerve;  Bone  in  Choroid,  Disc  excavated,  Retina 
detached. 

X  30.  Glycerine. 

This  is  from  the  left  eye  of  a  woman  with  advanced  glaucoma. 
The  margin  of  the  cornea  was  opaque  and  vascular,  and  had  a 
staphylomatous  bulging.  The  lens  was  opaque  and  shrunken ; 
and  the  retina  was  attached  only  at  the  optic  disc  and  the  ora 
serrata.  This  figure  shows  the  condition  of  the  disc,  and  Fig. 
161  represents  the  ciliary  region. 

1.  Bundles  of  nerve  fibres.  2.  Inner  sheath  of  optic  nei-ve. 
3.  Outer  sheath.  4.  Sclerotic.  5.  Choroid,  with  excess  of 
fibrous  tissue.  The  pigmented  epithelium  is  wanting,  b.  Be- 
neath this  is  seen  a  section  of  bone,  which  formed  a  rmg  round 
the  disc,  embedded  in  the  choroid.  7.  Disc,  with  glaucomatous 
excavation.  8.  Posterior  portion  of  retina,  attached  to  tne 
floor  and  margin  of  the  disc.    It  is  simply  a  fibrous  cord. 
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Tig.  106.— Vertical  Section  of  Atrophied  Choroid. 

X  300.  Glycerine. 

1  Choroid,  converted  into  a  thin  layer  of  dense  fibrous  tissue, 
without  vessels,  in  which  the  remains  of  the  pigmented  cells  ot 
the  stroma  are  embedded.  2.  Pigmented  epithelium  unaltered. 
3  This  layer  has  become  detached  here  in  preparing  the  speci- 
men. 4.  Clear  granular  material,  with  nodulated  surface,  lying 
on  the  inner  surface  of  the  choroid. 

Fig.  107."Longitudinal  Section  of  Entrance  of  Optic 
Nerve  in  Posterior  Staphyloma  and  Glaucoma. 

X  30.  Glycerine. 

This  is  from  the  right  eye  of  a  woman,  forty-five  years  of  age, 
which  had  been  affected  for  years  with  glaucoma  along  with  pos- 
terior staphyloma  and  a  staphylomatous  bulging  m  the  upper 
ciliary  region.  Fig.  157  shows  the  condition  of  one  part  oi  the 
ciliary  region. 

1  Bundles  of  nerve  fibres.  2.  Central  blood-vessels. 
3.  Sheaths  of  optic  nerve.  4  Sclerotic.  5.  Choroid.  6  Ee- 
tina  7.  Choroid,  over  the  staphyloma  at  the  side  next  the 
macula  lutea.  It  has  become  accidentally  detached  from  the 
sclerotic  in  mounting  the  specimen,  and  is  much  atrophied, 
especially  close  to  the  disc.  8.  Ketina,  with  its  layers  greatly 
thinned  9  The  retina  and  choroid  are  here  represented  by 
thin  layers  of  fibrous  tissue.  10.  Glaucomatous  excavation  of 
optic  disc.  This  is  much  more  marked  in  the  part  next  the 
staphyloma;  and  very  few  fibres  pass  to  the  retma  at  this 
side. 
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PLATE  XLVII. 


I'iG.  108. — Vertical  Section  of  Margin  of  Optic  Disc 
with  Posterior  Staphyloma. 

X  200.  Glycerine. 

This  is  from  another  section  of  the  same  eye  as  Fig.  107 ;  it 
corresponds  in  position  with  No.  9  in  that  figure. 

1.  Internal  layers  of  sclerotic.  2.  Above  this  there  is  a 
transverse  section  of  a  blood-vessel  near  the  inner  surface,  with 
some  pigmented  cells  in  its  neighbourhood.  3.  Atrophied 
choroid,  consisting  of  dense  fibrous  tissue,  with  some  pigment 
towards  the  left  side.  4.  Pigmented  epithelium.  It  is  absent 
for  some  distance  at  the  side  of  the  disc,  and  at  the  margin  of 
this  area  there  is  an  accumulation  of  pigmented  cells,  while 
immediately  nearer  the  disc  than  that  there  are  a  few  large 
non-pigmented  cells.  5.  Eod  and  cone  layer  of  retina.  6.  Ex- 
ternal nuclear  layer.  7.  Internal  nuclear  layer.  S.  Layer  of 
nerve  fibres.  The  nerve  cells  are  wanting,  and  the  retina  is 
considerably  thinned  in  this  region.  9.  The  retina  and  choroid 
are  here  represented  by  firmly  united  thin  layers  of  fibrous 
tissue,  sloping  downwards  at  the  edge  of  the  excavated  disc. 
The  internal  nuclear  layer  extends  much  closer  to  the  disc  than 
the  others.  , 
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PLATE  XLYIII. 


Fig.  109— Vertical  Section  of  Fundus  witli  Spindle- 
celled  Sarcoma  of  Choroid  and  Glaucoma. 

X  6.    Stained,  Dammar. 

This  is  from  a  man,  sixty  years  of  age.  There  was  a  history 
of  repeated  attacks  of  iritis  during  the  four  years  which  preceded 
the  enucleation  of  the  eyeball.  The  condition  of  the  ciliary 
region  is  shown  in  Figs.  159  and  160. 

1.  Longitudinal  section  of  optic  nerve.  2.  Inner  sheath  of 
nerve.  3.  Outer  sheath.  4.  Sclerotic.  5.  Choroid.  6.  Eetiaa, 
detached.  7.  Clear  granular  ,  coagulated  material  between 
choroid  and  retina.  8.  Choroid,  near  tumour.  9.  Anterior 
margin  of  tumour,  with  much  pigment.  10.  Tumour,  in  which 
are  seen  sections  of  vessels.  Scattered  pigment  gave  the  whole 
growth  a  grey  appearance.  11.  Fibrous  remains  of  retina, 
covering  part  of  the  tumour.  The  optic  disc  has  a  glauco 
matous  excavation. 
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PLATE  XLIX. 


Fig.  110.— Section  of  Round-celled  Sarcoma,  invading 

the  Sclerotic. 

X  400.  Glycerine. 

This  is  from  a  case,  in  wliicli  the  eyeball  was  completely 
destroyed  by  an  intra-ocular  round-celled  sarcoma. 

1.  Fibrill*  of  sclerotic,  near  the  place  wbere  tbe  tumour  bad 
XDcnetrated  from  within  outwards.  2.  Large  round  cells  of 
sarcoma,  lying  between  the  bundles  of  fibres. 

Fig.  111.— Isolated  Spindle-shaped  and  Roundish  CeUs, 
without  Pigment,  from  Sarcoma  recurrent  after 
Enucleation  of  the  Eyeball. 

X  300.  Glycerine. 

Fig.  112.— Isolated  Spindle-shaped  and  Roundish 
Pigmented  Cells  from  Recurrent  Sarcoma. 

X  300.  Glycerine. 
This  is  from  the  same  case  as  Fig.  111. 
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PLATE  L. 


Tig.  113.— Meridianal  Section  of  Corneo-scleral 
Junction,  with  Schlemm's  Canal. 

X  120.  Glycerine. 

1.  Inner  layers  of  cornea.  2.  Margin  of  Descemet's  mem- 
brane, o.  Posterior  epithelial  layer  of  cornea.  4.  Inner  layers 
of  sclerotic,  behind  the  canal  of  Schlemm.  The  annular  bundles 
are  cut  transversely.  5.  Anterior  part  of  ciliary  muscle.  6.  Liga- 
mentum  pectinatum.  The  layers  pass  from  the  margin  of  Des- 
cemet's membrane  to.  the  sclerotic,  the  ciliary  muscle,  and 
the  iris.  7.  Layers  of  sclerotic.  The  most  internal  bundles 
have  an  annular  course,  and  are  cut  transversely.  Beneath 
them  is  the  space,  linown  as  the  canal  of  Schlemm.  8.  Below 
this  there  is  a  cross  section  of  a  small  blood-vessel. 

■Fig.  114.  —  Internal  Surface  of  the  Periphery  of 
Descemet's  Membrane  and  adjacent  part  of  Liga- 
mentum  Pectinatum. 

X  200.   .Stained,  Glycei-ine. 

1.  Descemet's  membrane.  2.  In  this  region  there  are  many 
small,  clear,  hyaline  prominences.  (Hassall's  warty  bodies.) 
3.  Posterior  epithelial  layer  of  cornea.  4.  Nuclei  between 
Hassall's  wart-like  projections.  The  epithelial  cells,  to  wluch 
they  belong,  are  not  distinguishable.  5.  The  membrane  of 
Descemet  is  here  directly  continuous  with  the  bgamentum 
pectinatum,  and  some  fine  annular  fibres,  adherent  to  the  outer 
surface,  are  seen  through  this  part.  6.  Inner  fibres  and 
attached  nuclei  of  ligamentum  pectinatum. 

Fig.  115.— Ligamentum  Pectinatum. 

X  300.   Stained,  Glycerine. 

The  coarse  fibres  have  an  intricate  arrangement,  and  form  a 
fenestrated  membrane.  Nuclei  adhere  to  them,  and  remains  of 
epithelial  cells  are  present  at  some  places. 
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PLATE  LI. 


Fig.  IIG.— Meridianal  Section  of  Ciliary  Region. 

X  6.  Glycerino. 

1.  Cornea.  2.  Sclerotic.  3.  Conjunctiva.  4.  Iris.  5.  Ciliary 
body.  This  has  fallen  away  from  the  sclerotic,  as  frequently 
happens  in  mounting  specimens.  6.  Choroid.  7.  Periphery  of 
retina.  8.  Ora  serrata,  where  the  retina  passes  into  the  pars 
ciliaris  retinas. 

Fig.  117.— Meridianal  Section  of  Ciliary  Region 
of  Child. 

X  30.  Glycerine. 
This  is  from  a  child,  nine  months  old. 

1.  Cornea.  2.  Sclerotic.  3.  Conjunctiva.  4.  Ligamentum 
pectinatum  and  Schlemm's  canal,  at  iritic  angle  or  angle  of 
anterior  chamber.  5.  Iris.  6.  Ciliary  muscle.  7.  Ciliary 
process.  8.  Anterior  part  of  ciliary  process.  9.  Pigment  layer 
of  cihary  body,  with  pars  ciHaris  retinee.  10.  Fibres  of  zonula 
of  Zinn. 
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PLATE  LII. 


Pig.  118.— Meridianal  Section  of  Ciliary  Region  of 

Adult. 

X  30.  Glycerine. 

1.  Cornea.  2.  Sclerotic.  3.  Conjunctiva.  4.  Ligamentum 
pectinatum  and  Scblemm's  canal,  at  angle  of  anterior  chamber. 
5.  Iris.  6.  Ciliary  muscle.  7.  Ciliary  process.  8.  Anterior 
part  of  ciliary  body.  The  circulus  arteriosus  iridis  major  is 
seen  cut  across.  9.  Pigment  layer  and  pars  ciUaris  retina. 
10.  Fibres  of  zonula. 

Fig.  119.— Isolated  Branclied  Pigmented  Cells  from 
CHiary  Body. 

X  300.  Dammar. 
The  processes  of  two  of  them  unite. 

Fig.  120.— Meridianal  Section  of  Ciliary  Body  of 

Negro. 

X  30.  Glycerine. 

1.  Anterior  extremity.  2.  Posterior  part.  3.  Fibres  of 
zonula.  Many  pigmented  cells  lie  between  the  bundles  of  the 
cDiary  muscle 
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PLATE  LIII. 


Tig.  121— Meridianal  Section  of  Ciliary  Region. 

X  10.  Glycerine, 

1.  Conjuuctiva.  2.  Cornea.  3.  Sclerotic.  4.  Iris.  5.  Cili- 
ary body,  fallen  away  from  sclerotic  in  mounting  the  specimen. 
6.  Ligamentum  pectinatum  and  Schlemm's  canal,  at  angle  of 
anterior  chamber. 

Fig.  122.— Meridianal  Section  of  Ciliary  Region. 

X  10.  Glycerine. 

Numbers  as  in  Fig.  121.  The  cihary  body  is  short  and  thick 
in  this  specimen. 

Fig.  123.— Meridianal  Section  of  Ciliary  Region. 
X  10.  Glycerine. 

Numbers  as  in  Fig.  121.  The  cUiary  body  is  long  and  thin 
in  this  specimen,  which  is  from  the  same  eye  as  Fig.  122. 
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PLATE  LIV. 


Fig.  124.— Meridianal  Section  of  Ciliary  Region. 

X  10.  Glycerine. 

1.  Conjunctiva.  2.  Cornea.  3.  Sclerotic.  4.  Iris.  5.  Cili- 
.ary  body.  6.  Ligamentnm  pectinatum  and  ScUemm's  canal, 
.at  angle  of  anterior  chamber. 

Fig.  125.— Meridianal  Section  of  Ciliary  Region. 

X  10.  Gl3'cerine. 
Numbers  as  in  Fig.  124. 

Fig.  126. — Meridianal  Section  of  Ciliary  Region. 

X  10.  Glycerine. 

This  is  from  a  child  eleven  months  old. 
Numbers  as  in  Fig.  124. 
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EiG.  127— Transverse  Section  of  Ciliary  Body. 

X  30.  Glycerine. 

TMs  is  from  the  anterior  part  of  the  pars  nou-plicata. 

1.  Outer  surface.    2.  Pigment  layer.    '6.  Pars  ciHaris  retina. 

Pig.  128.— Transverse  Section  of  Ciliary  Body. 

X  30.  Glj'cerine. 

This  is  from  the  posterior  part  of  the  pars  plicata,  a  shoi-t 
distance  in  front  of  Pig.  127. 

1  Outer  surface.  2.  Pigment  layer  and  pars  ciliaris  retm^. 
The  hinder  portions  of  the  ciliary  processes  are  seen  cut 
across. 

Pig.  129.— Transverse  Section  of  Ciliary  Body. 

X  30.  Glycerine. 

This  is  from  the  pars  plicata,  a  short  distance  in  front  of 

Pig- 128.  .  ^ 

1  Outer  surface.  2.  Inner  surface,  with  ciliary  processes 
cnt  across  In  the  middle  of  the  figure  there  are  masses  of 
"gment  covering  the  floors  of  depressions  runnmg  backwards 
from  the  anterior  surface  of  the  ciliary  body. 
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JFiG.  130— Transverse  Section  of  Iris  with  CUiary 
Processes. 

X  30.  Glycerine. 

As  tlie  section  is  from  a  ring  (the  iris),  it  is  necessarily 
tangential  and,  therefore,  somewhat  oblique.  The  right  side  of 
the  figure  is  nearer  the  pupil  than  the  left. 

1.  Anterior  surface  of  iris.  2.  Transverse  sections  of  ex- 
tremities of  ciliary  processes,  continued  as  radiating  ridges  on 
the  posterior  surface  of  the  iris.  3.  Anterior  portions  of  promi- 
nent ciliary  processes. 

EiG.  131.— Transverse  Section  of  Ciliary  Body. 

X  30.  Glycerine. 

This  is  from  the  most  anterior  part  of  the  pars  plicata,  a 
short  distance  in  front  of  Fig.  132. 

1.  Ciliary  body,  close  to  iris.    2.  Compound  ciHary  processes, 

cut  across. 

Fie.  132.— Transverse  Section  of  CiHary  Body. 

X  80.  Glycerme. 

This  is  from  the  pars  plicata,  a  short  distance  behind  Fig.  131 
and  in  front  of  Fig.  129. 

1  Outer  surface.  2.  Inner  surface,  with  ciliary  processes  cut 
across  The  section  is  somewhat  oblique,  and  the  right  side  is 
further  back  than  the  left.  Towards  the  right  and  m  the 
middle  o£  the  figure  depressions,  running  backwards  in  the 
substance  of  the  ciliary  body,  are  seen  as  spaces  lined  with 
pigment.  At  the  left  side  the  anterior  border  of  a  depression 
is  cut  obliquely,  and  forms  a  large  irregular  space. 
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PLATE  LVII. 


Tig.  133— Vertical  Section  of  inner  layers  of 
Ciliary  Body. 

X  300.  Glycerine. 

This  is  from  a  negro,  at  the  pars  noa-plicata. 

1.  Inner  part  of  ciliary  body.  2.  Lamina  vitrea,  with  de- 
pressions and  ridges  on  the  internal  surface.  3.  Pigment 
layer.  It  is  very  thick,  and  the  outer  surface  has  rounded 
elevations.  It  has  become  separated  from  the  lamina  vitrea  in 
preparing  the  specimen.    4.  Pars  ciliaris  retina. 

Fig.  13-i.— Internal  Surface  of  Lamina  Vitrea  of 
Ciliary  Body. 

X  200.  Glycerine. 

This  is  from  the  middle  zone  of  the  corpus  ciliare,  and  the 
pigment  has  been  brushed  off. 

1.  Ridges.  2.  Intervening  depressions,  some  of  which  are 
still  occupied  by  masses  of  pigment. 

Pig.  135.— Vertical  Section  of  Pars  Ciliaris  Betinae, 

X  .300.  Glycerine. 

1.  Inner  part  of  ciliary  body.  2.  Pigment  layer,  thin. 
3.  Pars  ciliaris  retinaa,  near  its  posterior  margm. 

Pig.  136.— Vertical  Section  of  Ora  Serrata  and  Pars 
Ciliaris  Betinse. 

X  300.  Glycerine. 

1  Inner  part  of  choroid.  2.  Pigment  layer.  3.  Periphery 
of  retina,  or  ora  serrata.  4  Membrana  Hmitans  interna. 
5.  Inner  part  of  ciHary  body.  6.  Pars  ciliaris  retina.  7.  Vitre- 
ous.    8.  Pibrillated  area  in  vitreous. 
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PLATE  LVIII. 


Fig.  137.— Meridianal  Section  of  Ciliary  Region  in 
Irido-cyclitis  with  Exudation  into  Posterior 
Chamber. 

X  10.  Glycerine. 

This  is  from  a  boy,  fifteen  years  of  age,  wLose  left  eye  was 
-wounded  in  the  ciliary  region  at  the  upper  and  outer  part. 
The  wound  healed;  but  irido-cyclitis  supervened,  and  then 
softening  with  partial  shrinking  of  the  globe.  The  eyeball  was 
■enucleated  five  months  after  the  injury.  Besides  the  condition 
shown  in  the  figure,  the  retina  was  completely  detached  from 
-the  choroid  and  funnel-shaped,  passing  forwards  as  a  cord  from 
the  disc  (see  Fig.  204),  aud  expanding  to  its  other  attachment 
;at  the  ora  serrata. 

1.  Cornea.  2.  Sclerotic.  3.  Conjunctiva.  4.  Ciliary  body. 
5.  Iris,  adherent  to  capsule  of  lens  at  pupil,  stretched,  and 
bulged  forwards.  6.  Capsirle  of  lens.  7.  Fibres,  passing  from 
•ciliary  body  to  posterior  surface  of  capsule.  8.  Transparent 
slightly  granular  material,  behind  iris  and  between  ciliary  body 
and  lens. 

Fig.  138.— Pibrine  in  Ciliary  Body  with  Cyclitis. 

X  300.  Glycerine. 

1.  Thick  fibres.  2.  Thin  fibres.  3.  Large  vesicles  and 
-circles.    4.  Small  vesicles,  circles,  and  cup-shaped  bodies. 
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PLATE  LIX. 


Tig.  139. — Meridianal  Section  of  lateral  portion  of 
Eyeball  with  Enlarged  and  Spongy  Ciliary  Body 
in  Cyclitis  with  CEdema. 

X  G.  Glj'ccrine. 

This  is  from  the  left  eye  of  a  girl,  wliicli  was  enucleated  when 
she  was  fourteen  years  of  age.  It  was  then  blind  and  partially 
atrophied,  having  been  troublesome  since  infancy.  The  cornea 
was  opaque  and  vascular ;  the  anterior  chamber  was  obliterated ; 
and  fragments  of  the  iris  with  pigment  adhered  to  the  cornea. 
A  cyclitio  mass  occupied  the  anterior  portion  of  the  vitreous 
chamber,  connected  with  the  ciliary  body  and  the  i-emains  of 
the  iris;  it  contained  the  folded-up  capsule  of  the  lens,  traces  of 
the  otherwise  destroyed  retina,  and  hyaline  bodies.  The  choroid 
lined  the  remaining  part  of  the  eyeball. 

1.  Sclerotic  at  fundus.  2.  Sclerotic  at  junction  with  cornea. 
3.  Conjunctiva.  4.  Choroid.  5.  Blood-vessel,  passing  through 
sclerotic  to  choroid.  6.  Anterior  extremity  of  ciliary  body. 
7.  Border  of  cyclitic  membrane,  which  passed  across  the 
anterior  segment  of  the  globe.  The  ciliary  body  and  adjacent 
part  of  the  choroid  are  much  swollen;  they  are  separated  from 
the  sclerotic  by  a  fibrinous  exudation,  and  form  a  loose  tissue, 
in  the  meshes  of  which  lie  large  masses  of  fibrine. 

140.— Part  of  Enlarged  and  Spongy  Ciliary 
Body  in  Cyclitis. 

X  300.  Glycerine. 

1.  Connective-tissue  fibres,  forming  loose  net-work.  2. 
Branched  piigmented  cells  of  stroma.  3.  Large  round  granular 
cells,  some  of  which  show  a  nucleus.  There  are  also  some 
smaller  granular  nucleated  round  cells.  4.  Eed  blood  corpuscles. 
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PLATE  LX. 


Tig.  141— Stroma  of  Ciliary  Body  witii  Cyclitis. 

X  300.  Glycerine. 

1.  Connective  tissue.  2.  Small  collection  of  inflammatory 
round  cells.  3.  Branched  and  round  pigmented  cells  of  stroma. 
4.  Scattered  granular  corpuscles. 

Pig.  142. — Pigmented  CeUs  in  Ciliary  Body  with 
Cyclitis  and  Hasmorrhage. 

X  300.  Glj-ceriue. 

Embedded  in  tlio  stroma  there  are  pigmented  cells  from  the 
neighbourhood  of  a  blood-clot ;  they  are  of  various  sizes,  -with 
clear  walls,  containing  large  brownish  granules. 

Fig.  143.— Vertical  Section  of  inner  layers  of  Ciliary 
Body  with  CycKtis. 

X  200.  Glycerine. 

1.  Inner  part  of  ciliary  body,  crammed  with  round  cells. 
2.  Pigment  layer ;  the  outer  surface  is  broken  up  and  irregular, 
and  the  lamina  vitrea  cannot  be  seen.  3.  Pars  ciHaris  retiuie, 
detached  at  one  spot,  where  there  is  a  sharply  defined  space, 
containing  round  cells.  Leucocytes  are  present  in  the  inner 
part  of  this  layer  also. 

Fig.  144.— Vertical  Section  of  Pars  Ciliaris  RetiuEE  in 

Cyclitis. 

X  300.  Glycerine. 

1.  Pigment  layer  of  ciliary  body.  2.  Pars  ciliaris  retina^ 
swollen'and  infiltrated  with  round  cells.  3.  Fibres  of  zonula,- 
with  some  inflammatory  cells. 
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Fig.  145— Inner  part  of  Ciliary  Body  with  Purulent- 

Cyclitis, 

X  300.    Logwood,  Dammar. 

1.  Fibres  of  ciliary  muscle,  nuclei  stained.  2.  Inflammatory 
round  cells.  Some  irregular  pigmented  cells  of  the  stroma  are 
present  (brown  in  the  specimen).  3.  Pigment  layer  (black  in 
the  specimen).  4.  Pars  ciliaris  retinee.  5.  Fibres  of  zonula, 
with  one  or  two  round  granular  cells. 

I'iG.  146.— Meridianal  Section  of  Ciliary  Region  witli 
Purulent  Cyclitis  and  Iritis. 

X  20.    Logwood,  Dammar. 

This  is  from  a  woman,  forty-two  years  of  age,  whose  left  eye 
received  a  blow  five  weeks  before  enucleation.  Some  cicatricial 
tissue,  in  which  the  iris  was  involved,  existed  in  the  ciliary 
region  at  the  upper  and  outer  part  of  the  eyeball.  Elsewhere 
iritis  and  hypopyon  were  present :  the  ciliary  body  was  in- 
flamed ;  and  the  choroid  was  greatly  thickened  by  purulent 
infiltration. 

1.  Cornea.  2.  Sclerotic,  witli  collections  of  round  cells  about 
the  blood-vessels.  3.  Conjunctiva,  with  leucocytes  in  the 
neighbourhood  of  the  vessels.  4.  Limbus  conjunctivas,  witli 
infiltration  of  inflammatory  cells  (conjunctivitis).  5.  Iris, 
crammed  with  inflammatory  ceUs.  6.  Ciliary  body.  This  is 
greatly  enlarged,  and  is  infiltrated  throughout  with  round  cells, 
which  in  the  inner  layers  of  the  stroma  form  densely  packed 
masses. 
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Fig.  147. — Fibres  and  largo  round  granular  Cells  from 
Cyclitic  Membrane. 

X  300.  Gljxerine. 

Fig.  148.— Pigmented  Cells  in  Cyclitic  Membrane. 

X  300.  Glycerine. 

1.  Pigment  layer  of  ciliary  body.  2.  Free  granules  of  pig- 
ment. 3.  Largo  roundish  pigmented  cells  in  cyclitic  membrane. 
The  pars  ciliaris  retinas  cannot  be  distinguished. 

Fig.  149.— Formation  of  Bone  in  Cyclitic  Membrane. 

X  30.  Glycerine. 
This  is  from  the  same  case  as  Fig.  150. 

1.  Cyclitic  membrane.  2.  Masses  of  pigment.  3.  Section? 
of  spicules  of  bone. 
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Fig.  150. — Meridianal  Section  of  lateral  portion  of 
Eyeball  with  Cyclo-clioroiditis  and  Detachment  of 
Ciliary  Body  and  Choroid. 

X  C.    Logwood,  Dammar. 

This  is  from  an  eye,  wliicli  was  injured  by  a  blow  ten  years 
before  enucleation.  Cataract  resulted  at  the  time  of  the  acci- 
dent, and  an  operation  of  some  kind  was  performed.  On  ex- 
amining a  horizontal  section  of  the  eyeball  from  before  back- 
wards, the  pupil  was  found  to  be  small  and  displaced  to  the 
side,  lying  behind  a  cicatrix  in  the  cornea.  The  centre  of  the 
globe  was  occupied  by  a  dense  membranous  formation,  conical 
in  shape,  with  the  base  stretched  across  the  anterior  part  from 
the  ciliary  processes,  and  the  apex  attached  at  the  optic  disc. 
In  this  membrane,  which  contained  si^icules  of  bone,  the  retina 
was  lost  and  could  not  be  distinguished.  A  space  occurred 
between  the  central  mass  and  the  choroid.  This  figure  shows 
the  condition  of  the  ciliary  region  and  the  adjacent  parts  on 
the  side  furthest  from  the  pupil;  and  Fig.  153  the  ciliary  region 
near  the  displaced  pupil.  Between  the  jjoint  marked  6  in  Fig. 
150  and  the  optic  disc  a  plate  of  bone,  6  by  11  millimetres  in 
breadth,  was  situated  in  the  choroid. 

1.  Cornea.  2.  Sclerotic.  3.  Conjunctiva.  4.  Iris.  5.  Cili- 
ary muscle.  6.  Choroid,  which  is  detached  in  front  of  this 
point.  7.  Fibrous  membrane,  rich  in  cells,  attached  to  the 
ciliary  body  and  the  choroid,  which  are  both  dragged  away 
from  the  sclerotic.  8.  Loose  spongy  tissue  outside  ciliary  body 
and  choroid,  with  fibres  and  blood-vessels ;  the  large  spaces  of 
the  tissue  contain  masses  of  granular  material. 

Fig.  151. — Meridianal  Section  of  Ciliary  Region  with 
Cyclo-choroiditis  and  Detachment  of  Ciliary  Body 
and  Choroid. 

X  30.   Logwood,  Dammar. 

1.  Inner  layers  of  cornea.  2.  Inner  layers  of  sclerotic. 
3.  Periphery  of  iris.  4.  Ciliary  body.  5.  Choroid.  6.  Newly 
formed  membrane,  attached  to  ciliary  body  and  choroid,  which 
are  detached  from  their  normal  position.  7.  Spongy  tissue 
outside  ciliary  body  and  choroid.  It  is  composed  of  a  loose 
net-work  of  delicate  fibrous  tissue,  with  many  cells  and  blood- 
vessels, and  some  masses  of  pigment.  The  bulk  of  this  area  is 
occupied  by  amorphous,  granular,  coagulated  material  and  some 
strings  of  fibrine. 
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Fig.  152.— Anterior  portion  of  Eyeball  with  Irido- 
cyclitis. 

X  10.  Glycerine. 

This  is  from  the  right  eye  of  a  man,  thirty  years  of  age.  The 
cornea  received  an  extensive  wound,  which  led  to  immediate 
and  copious  hfBmorrhage,  followed  by  prolapse  of  the  iris  and 
loss  of  vitreous.  The  lens  became  opaque,  and  an  iritic  mem- 
brane filled  the  pupil.  The  eyeball  began  to  shrink,  and  was 
removed  thirty-nine  days  after  the  accident. 

1.  Conjunctiva.  2.  Sclerotic.  3.  Cornea.  4.  Cicatrix  of 
wound,  passing  obliquely  through  the  cornea,  with  some  pigment. 
5.  Iris,  stretched  and  partly  atrophied;  it  is  adherent  over 
most  of  its  posterior  surface  to  the  capsule  of  the  lens  (synechia 
posterior),  and  is  pushed  forwards  by  the  lens.  6.  Pupillary 
margin  of  iris,  involved  in  inflammatory  material,  with  adhesions 
to  cornea  (synechia  anterior)  and  lens.  7.  Capsule  of  lens.  The 
substance  of  the  lens  has  dropped  otit  of  the  section.  8.  Folded 
remains  of  part  of  capsule,  imbedded  in  cicatricial  tissue. 
9.  Newly  formed  connective-tissue  membrane,  passing  across 
eyeball  behind  the  lens,  which  is  displaced  forwards.  10.  Por- 
tions of  detached  and  folded  retina.  11.  Ciliary  body,  dragged 
inwards.  Some  coagulated  granular  material  and  part  of  a 
ciliary  process  lie  between  this  and  the  capsule  of  ^the  lens. 
12.  Pigment  layer  of  pars  non-plicata  of  ciliary  body.  13.  Col- 
lections of  pigmented  cells  in  choroid,  some  of  them  from  the 
stroma,  and  some  containing  blood-pigment,  similar  to  the 
cells  drawn  in  Fig.  99.  14  Choroid.  15.  Blood-clot,  spHttmg 
choroid  into  two  layers.  16.  Newly  formed  inflammatory  mem- 
brane, replacmg  the  various  tissues  in  front  of  the  ciliaiy  body 
at  this  side.  It  is  composed  of  fibres,  round  cells,  blood-vessels, 
masses  of  pigment,  and  some  remains  of  the  stroma  of  the  ins  ; 
and  is  covered  externally  by  thickened  epithelium,  embedded 
in  which  are  pigmented  cells,  granules  of  pigment,  and  other 
traces  of  the  incarcerated  and  destroyed  iris.  Internally  it  is 
continuous  with  the  membrane,  extending  across  to  the  ciliary 
body  on  the  opposite  side. 
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Fig.  153.— Meridianal  Section  of  Ciliary  Region  after 

Cyclitis. 

X  10.    Logwood,  Dammar. 
For  the  history  of  tlie  case  see  Eig.  150. 

1.  Cornea.  2.  Sclerotic.  3.  Coninnctiva.  4.  Cboroid  de- 
tached from  sclerotic.  5.  Ciliary  body.  6.  Loose  fibrous  tissue 
outside  choroid.  7.  Eemains  of  ciliary  processes.  8.  Pupillary 
portion  of  iris,  isolated  and  attached  to  anterior  surface  of 
cyclitic  membrane.  9.  Cyclitic  membrane,  chiefly  fibrous,  and 
containing  collections  of  round  cells  and  scattered  masses  of 
pigment.  10.  The  corneo-scleral  junction,  dragged  inwards  by 
the  adherent  cyclitic  membrane. 

Fig.  154.— Meridianal  Section  of  Ciliary  Region  with. 

Wound. 

X  10.    Logwood,  Dammar. 

This  is  from  a  man,  thirty-seven  years  of  age,  whose  right  eye 
received  an  extensive  wound  about  the  corneo-scleral  junction, 
involving  the  ciliary  body  and  iris.  The  wonnd  healed  in  the 
course  of  a  week ;  but  the  painful,  tense,  and  bHnd  eyeball  was 
removed  fifteen  days  after  the  injury.  The  region  of  the 
wound  is  shown  in  the  figure  ;  elsewhere  the  iris  was  attached 
to  the  capsule  of  the  lens,  the  lens  was  cataractous,  the  retina 
was  inflamed  and  partly  detached  by  blood-clot  and  clear 
amorphous  material,  the  choroid  was  the  seat  of  ha3morrhage, 
and  the  vitreous  behind  the  cyclitic  membrane  was  replaced  by 
blood-clot. 

1.  Cornea.  2.  Sclerotic.  3.  Choroid.  4.  Ciliary  body. 
5.  Ciliary  processes.  6.  Iris.  7.  Inflammatory  membrane, 
attached  to  the  posterior  portion  of  the  ciliary  body  and  to  the 
wound,  composed  of  delicate  fibres  and  many  cells.  8.  Collec- 
tions of  inflammatory  round  cells.  9.  Coagulated  fibrine  outside 
choroid.  10.  At  this  place  the  wound  penetrated  the  sclerotic, 
and  divided  the  ciliary  body.  It  is  occupied  by  inflammatory 
material,  covered  by  a  thick  layer  of  epithelium. 
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Fig.  155.— Meridianal  Section  of  Ciliary  Region  in 
Inflammatory  Glaucoma. 

X  10.  Glyeei-ine. 

This  is  from  the  right  eye  of  a  woman,  twenty-five  years  of 
age,  with  glaucoma  of  about  three  years'  duration.  There  was 
inflammation  of  the  cornea  and  iris  at  the  time  of  enucleation. 
The  optic  disc  is  drawn  in  Fig.  178. 

1.  Conjunctiva.  2.  Cornea.  3.  Sclerotic.  4.  Free  portion 
of  iris  with  inflammatory  cells.  5  to  6.  Peripheral  portion  of 
iris,  adherent  to  cornea  and  somewhat  atrophied.  This  region 
bulges  outwards  slightly.  7.  Ciliary  body,  much  atrophied. 
8.  Layer  of  round  cells  and  fibrine  in  anterior  chamber 
(hypopyon). 

Fig.  156.— Meridianal  Section  of  Ciliary  Region  in 
Glaucoma. 

X  10.  Glycerine. 

This  is  from  the  opposite  side  of  the  same  eyeball  as  Fig.  155. 
IsTumbers  as  in  that  figure.  The  adherent  peripheral  portion  of 
the  iris  is  greatly  atrophied. 
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Fig.  157.— Meridianal  Section  of  Ciliary  Region  in 
Ckronie  Glaucoma. 

X  10.  Glycerine. 
This  is  from  tlie  same  case  as  Fig.  107. 

1.  Conjunctiva.  2.  Cornea.  3.  Sclerotic.  4.  Pupillary 
IDortion  of  iris.  5.  The  iris  is  much  atrophied  in  this  region. 
6.  Peripheral  part  of  iris,  adherent  to  cornea,  thick,  and  com- 
posed of  loose  tissue.    7.  Ciliary  body,  greatly  atrophied. 

Fig.  158.— Meridianal  Section  of  Angle  of  Anterior 
Chamber  in  Glaucoma. 

X  45.  Glycerine. 
This  is  from  the  same  case  as  Fig.  180, 

1.  Inner  layers  of  cornea.  2.  Sclerotic.  3.  Anterior  layers 
of  iris  near  periphery.  4.  Anterior  extremity  of  ciliary  muscle 
with  ligamentum  pectinatum.  5.  Dense  tissue,  filling  angle  of 
anterior  chamber. 
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YiG.  159— Meridianal  Section  of  Ciliary  Region  in 
Glaucoma  secondary  to  Intra-ocular  Tumovir. 

X  10.  Glycerine. 
This  is  from  the  same  case  as  Tig.  109. 

1.  Conjunctiva.  2.  Cornea.  3.  Sclerotic.  4.  Pupillary 
margin  of  iris,  everted.  The  uvea  is  continued  on  to  the 
anterior  surface.  5.  Periphery  of  iris,  adherent  to  cornea  and 
somewhat  atrophied.    6.  Ciliary  body,  partially  atrophied. 

Tig.  160.— Meridianal  Section  of  Ciliary  Region  in 
Secondary  Glaucoma. 

X  10.  Glycerine. 

This  is  from  the  opposite  side  of  the  same  eyeball  as  Fig. 
159.  JSTumbers  as  in  that  figure.  The  pupil  was  displaced  from 
the  centre  towards  the  side,  from  which  Fig.  159  was  taken. 
The  difference  in  the  extent  of  the  iris  is  very  marked. 

Fig.  161.— Meridianal  Section  of  Ciliary  Region  in 
Glaucoma. 

X  10.  Glycerine. 
This  is  from  the  same  case  as  Fig.  105. 

1.  Conjunctiva.  2.  Cornea.  3.  Sclerotic.  Many  distended 
blood-vessels  are  present  at  the  corneo-scleral  j  unction.  4  Pupil- 
lary margin  of  iris.  5.  The  iris  is  at  this  point  firmly  at- 
tached to  the  opaque  and  vascular  cornea,  the  part  nearer  the 
ciliary  margin  being  quite  free.  6.  Peripheral  portion  of  iris, 
adherent  to  cornea.  7.  Ciliary  body,  greatly  atrophied.  The 
pars  ciliaris  retinaa  is  wanting;  it  was  separated  from  the 
pigment  layer  by  hsemorrhage  and  effusion  of  clear  granular 
jnaterial. 
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Tig.  162— Meridianal  Section  of  Ciliary  Region  in 
Glaucoma. 

X  10.  Glycerine. 

Tor  the  history  of  the  case  see  Fig.  177. 

1.  Conjunctiva.  2.  Cornea.  3.  Sclerotic.  -1.  Tree  portion  of 
iris,  atrophied.  5  to  6.  Periphery  of  iris,  adherent  to  cornea  and 
atrophied.    7.  Ciliary  body,  greatly  atrophied. 

Pig.  163.— Meridianal  Section  of  Ciliary  Region  in 
Glaucoma. 

X  10.  Gljxeriue. 

This  is  from  the  opposite  side  of  the  same  eyeball  as  Fig.  162. 
JST umbers  as  in  that  figure. 
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Fig.  164.— Transverse  Section  of  Optic  Nerve. 

X  10.    Carmine,  Dammai-. 

The  section  is  taken  behind  the  entrance  of  the  central 
vessels. 

1.  Outer  sheath,  2.  Inter-vaginal  space,  with  some  fibres 
here  and  there.  3.  Inner  sheath.  4.  Nerve  fibres,  in  bundles 
of  various  sizes,  separated  by  trabecule  of  fibrous  tissue  con- 
nected -with  the  inner  sheath. 

EiG.  165.— Part  of  Transverse  Section  of  Optic  Nerve. 

X  45.    Cannine,  Dammar. 

Numbers  as  in  Fig.  164.  The  axis  cylinders  of  the  nerve  fibres 
are  seen  as  red  dots. 

Fig.  166.— Part  of  Longitudinal  Section  of  Optic  Nerve. 

X  45.    CaiTDine,  Dammar. 

1.  Inner  sheath.  2.  Trabeculas,  forming  frame-work,  dividing 
the  nerve  into  bundles.    3.  Bundles  of  nerve  fibres. 


PLATE  LXXI. 


Fig.  167.— Part  of  Longitudinal  Section  of  Optic 
Nerve  with.  Interstitial  Neuritis. 

X  45.    Logwood,  Dammar. 

1.  Inner  sheatlj,  infiltrated  with  round  cells,  the  nuclei  of 
•which  are  stained.  2.  Trabeculas,  with  many  nuclei  of  inflam- 
matory cells.    3.  Bundles  of  nerve  fibres,  with  some  nuclei. 

Fig.  1 68.— Transverse  Section  of  Atrophied  Optic 

Nerve. 

X  10.   Logwood,  Dammar. 

The  margin  is  formed  of  the  inner  sheath;  inside  this  there  is 
a  thick  zone  of  dense  cicatricial  tissue  replacing  the  nerve  fibres, 
which  have  entirely  disappeared;  the  centre  is  occupied  by 
granular  debris  of  nerve  fibres,  among  which  the  remains  of  the 
central  vessels  are  seen  cut  across. 

Fig.  169.— Part  of  Transverse  Section  of  Optic  Nerve 
with  Sarcoma. 

X  45.   Logwood,  Dammar. 
This  is  from  the  same  case  as  Fig.  110. 

1.  Outer  sheath.  2.  Inner  sheath.  3.  Round-celled  sarcoma 
distending  the  inter-vaginal  space.  4.  External  layers  of 
atrophied  nerve,  replaced  by  dense  fibrous  tissue,  the  bundles 
of  which  are  cut  across.  5.  Granular  mass,  representing  the 
degenerated  central  nerve  fibres 
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Fig.  170.— Vertical  Section  of  Optic  Disc  and 
neighbouring  parts. 

X  30.    Cai-mine,  Dammar. 

1.  Optic  nerve;  the  connective-tissue  trabeculEe  are  more 
deeply  stained  than  the  bundles  of  nerve  fibres.  2.  Central 
vessels,  passing  forwards  to  centre  of  disc.  3.  Inner  sheath  of 
nerve.  4.  Outer  sheath.  5.  Sclerotic,  with  many  blood-vessels. 
6.  Choroid,  7.  Eetina.  8.  Centre  of  disc,  with  slight  depres- 
sion, between  the  somewhat  raised  margins. 
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Pig.  171.— Vertical  Section  of  Optic  Disc. 

X  10.    Stained,  Dammar 

1.  Optic  nerve,  with  trabecula3  stained.  2.  Central  vessels. 
3.  Inner  sheath.  4.  Outer  sheath.  5.  Sclerotic.  6.  Choroid. 
7.  Eetina.    8.  Optic  disc. 

There  is  a  deep  physiological  cup  in  the  centre  of  the  disc ; 
and  the  central  artery  passes  along  the  side  oi  this.  Pigmented 
cells  are  very  numerous  in  the  inner  layers  of  the  sclerotic  near 
the  lamina  cribrosa. 

Fig.  172.— Vertical  Section  of  Optic  Disc. 
X  10.    Glyceriae.  , 

Numbers  as  in  Fig.  171. 

In  this  specimen  there  is  no  physiological  cup  m  the  disc. 
The  bundles  of  optic-nerve  fibres  appear  very  opaque,  owing  to 
the  fatty  nature  of  the  medullary  sheaths. 
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Tig.  173.— Vertical  Section  of  Optic  Disc  with  PapiUitis. 

X  30.  Glycerine. 

This  is  from  a  case  of  retinitis  albumimirica. 

1.  Optic  nerve.  2.  Central  vessels.  3.  Inner  slieath. 
4.  Outer  sheath.  5.  Sclerotic.  6.  Choroid.  7.  Centre  of  swollen 
disc,  with  a  few  loose  connective-tissue  fibres  on  the  surface. 
8.  Arteria  centralis  retinas,  passing  to  the  side,  and  surroiinded 
with  inflammatory  cells.  9.  Nerve-fibre  layer  at  margin  of  disc, 
cedematous  and  greatly  thickened.  The  other  retinal  layers 
are  pushed  away  from  1,he  edge  of  the  opening  in  the  choroid, 
and  the  pigmented  epithelium  is  wanting  in  the  same  region. 
10.  Eetina.  11.  Coagulated  granular  material,  containing  pig- 
mented cells,  between  the  choroid  and  the  slightly  detached 
letina. 
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EiG.  174.— Vertical  Section  of  Optic  Disc  with. 
Neuro-retinitis. 

X  30.  Glycerine. 
This  is  from  the  same  case  as  Fig.  77. 

1.  Optic  nerve.  2.  Central  vessels;  the  sheath  of  the  artery 
is  distended  with  an  accumulation  of  inflammatory  round  cells. 
3.  Inner  sheath.  4.  Outer  sheath.  -5.  Sclerotic,  with  large 
iblood-vessels.  6.  Choroid.  7.  Outer  layers  of  retina,  slightly 
-detached,  and  forming  wavy  folds.  Some  granular  sub-retinal 
material  is  still  present  on  the  left  side.  8.  Nerve-iibre  layer 
of  retina.  9.  Collection  of  round  cells  in  the  greatly  thickened 
retina  (retinitis)"  10.  Centre  of  swollea  disc.  11.  Infiltration 
with  inflammatory  cells,  extending  deeply  into  disc  (papillitis). 
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Fig.  175.— Vertical  Section  of  Atrophied  Optic  Disc 
and  noighbourhood  with  Choroido-retinitis. 

X  10.    Carmine,  Glycerine. 

This  is  from  an  eye,  in  •whicTi  inflammatory  attacks  during 
many  years  liad  led  to  extensive  changes,  in  addition  to  those 
drawn  in  the  figure.  The  cornea  was  opaque  and  vascular ;  and 
the  anterior  two-thirds  of  the  globe  were  occupied  by  a  firm 
organized  fibrous  mass,  attached  to  the  remaius  of  the  ciliary 
body  and  the  adjacent  part  of  the  choroid,  and  passing  through 
the  pupil  to  be  united  to  the  central  portion  of  the  cornea,  near 
which  the  curled-up  capsule  of  the  lens  was  embedded  in  the 
mass.  The  iris,  infiltrated  with  round  cells,  thickened  and 
distorted,  was  adherent  to  the  cornea  in  front  and  to  the 
cyclitic  formation  behind,  the  uvea  being  much  broken  up  and 
detached.  The  anterior  chamber  was  very  shallow;  but  its 
angle  was  free  and  open.  The  ciliary  body  contained  groups 
of  inflammatory  cells,  and  was  enlarged  and  spongy,  its  internal 
outline  being  lost  in  the  attached  membrane,  and  the  ciliary 
muscle  beiug  drawn  towards  the  centre  of  the  eyeball.  Between 
the  fibrous  formation  and  the  disc  there  was  a  space,  bounded 
by  a  thick  membrane  replacing  the  retina  and  choroid;  and 
the  almost  complete  absence  of  pigment  about  the  fundus  was 
noticeable. 

1.  Optic  nerve.  2.  Centra  vessels.  3.  Inner  sheath. 
4.  Outer  sheath.  5.  Sclerotic.  6.  Infiammatory  membrane, 
composed  of  fibres  and  cells,  containing  traces  of  the  choroid. 
7.  In  this  part  of  the  membrane  some  retinal  elements  were 
scattered  about.  8.  Choroid  and  retina  replaced  by  a  thick 
membrane,  in  which  some  of  their  tissues  were  distinguishable 
with  a  higher  power.  9.  Atrophied  disc.  10.  Delicate  con- 
nective tissue,  in  front  of  the  more  dense  layer. 
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Pig.  176.— Vertical  Section  of  Optic  Disc  with  CEdema. 

X  10.    Stained,  Dammar. 

1.  Optic  nerve.  2.  Central  vessels.  3.  Inner  sheath. 
4.  Outer  sheath.  5.  Sclerotic.  6.  Choroid.  7.  Eetina. 
8.  Centre  of  swollen  disc.  9.  Proaiinent  margins  of  disc.  The 
nerve-fibre  layer  is  osdematous,  forming  a  loose  spongy  tissue. 
The  retina  and  the  pigmented  epithelium  are  pushed  aside 
from  the  edge  of  the  disc  by  the  swelling  ;  and  some  granular 
material,  containing  detached  pigmented  cells,  intervenes  be- 
tween the  retina  and  the  choroid. 

Fig.  177.— Vertical  Section  of  Optic  Disc  with  Vascular 
Connective-tissue  Growth. 

X  10.  Glyceriue. 

This  is  from  a  woman,  twenty  years  of  age.  A  year  before 
removal,  the  right  eye  was  affected  with  an  "inflammatory 
attack."  It  remained  irritable  and  troublesome,  with  occasional 
■pain ;  but  increased  tension  was  not  observed  till  a  month 
before  enucleation,  at  which  time  there  were  areas  of  opacity  ia 
the  cornea  and  discoloration  of  the  iris.  The  condition  of  the 
ciliary  region  is  shown  in  Figs.  162  and  163. 

1.  Optic  nerve.  2.  Central  vessels.  3.  Sheaths  of  nerve. 
4.  Sclerotic.  5.  Eetina  and  choroid,  united,  atrophied,  and 
forming  a  pigmented  membrane.  6.  Growth,  projecting  from 
atrophied  disc,  consisting  of  delicate  iibres  running  in  various 
directions,  large  thiu-walled  blood-vessels,  knots  of  smaller 
vessels  with  fiue  walls,  collections  of  pigmented  cells,  and 
masses  of  pigment.  There  are  large  spaces,  and  some  of  these 
were  filled  with  granular  or  finely  fibrillated  material.  7.  Mem- 
bra,nous  extension  from  growth,  composed  of  fibrous  tissue  with 
pigmented  cells,  spreading  over  retina,  to  the  surface  of  which 
a  similar  membrane  is  seen  adhering  on  the  other  side  of  the 
disc. 
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Fig.  178.— Vertical  Section  of  Optic  Disc  in  Glaucoma. 

X  10.   Stained,  Dammar. 
This  is  from  tlie  same  case  as  Tig.  155. 

1.  Optic  nerve,  with  the  connective-tissue  frame-work  deeply- 
stained.  2.  Central  vessels.  3.  Inner  sheath.  4.  Outer  sheath. 
5.  Sclerotic.  6.  Choroid,  atrophied  and  thin.  7.  Eetina.  It 
is  partially  atrophied,  and  the  layer  of  nerve  fibres  is  thin. 
8.  Eetina.  At  this  side  it  is  considerably  atrophied ;  but  appears 
thickened,  owing  to  oBdematous  spaces  in  the  internal  nuclear 
layer.    9.  Deep  glaucomatous  excavation  of  the  disc. 

Fig.  179.— Vertical  Section  of  Margin  of  Optic  Disc 
in  Glaucoma. 

X  10.  Glycerine. 
This  is  from  the  same  disc  as  Fig.  178. 

1.  Optic  nerve,  with  dark  bundles  of  nerve  fibres.  2.  Inner 
sheath.  3.  Outer  sheath.  4.  Sclerotic.  5.  Choroid,  atrophied 
and  forming  a  thin  pigmented  membrane.  6.  Eetina,  some- 
what atrophied.  7.  PartiaUy  atrophied  retina,  with  oedema. 
8.  Section  of  overhanging  edge  of  excavated  disc.  The  tissue 
in  the  centre  is  a  thin  membrane  with  delicate  fibres  ;  at  both 
sides  it  contains  some  nerve  fibres  ;  and  at  the  left  side  there 
are  indications  of  blood-vessels.  9.  Posterior  part  of  glauco- 
matous excavation  of  disc,  under  the  anterior  overhanging  edge. 
The  sides  and  floor  of  the  excavation  are  markedly  fibrous. 
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ITiG.  180.— Vertical  Section  of  Optic  Disc  in  Glaucoma. 

X  30.    Catmine,  Dammar. 

This  is  from  tlie  right  eye  of  a  woman,  sixty-nine  years  of 
age,  which  had  been  affected  for  six  months  before  enucleation. 
The  condition  of  the  cornea  is  shown  in  Fig.  44,  and  of  the 
angle  of  the  anterior  chamber  in  Eig.  158. 

1.  Optic  nerve.  2.  Central  vessels,  with  thick  adventitia. 
3.  Inner  sheath.  4.  Outer  sheath.  5.  Sclerotic.  6.  Eetlna. 
This  is  thinned;  but  all  the  layers  can  be  recognized  with  a 
higher  i^ower.  7.  Eetina,  somewhat  atrophied  at  this  side. 
8.  Deep  glaucomatous  excavation  of  disc,  the  floor  of  which  is 
composed  of  connective  tissue.  9.  The  lamina  cribrosa  is  greatly 
thickened  by  a  formation  of  dense  fibrous  tissue.  The  choroid 
surrounding  the  disc  was  represented  by  a  thin  fibrous  layer 
■with  some  granules  of  pigment. 
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Fig.  181.— Vertical  Section  of  Eetina. 

X  300.  Glycerine. 

This  is  about  3  millimetres  from  tlie  edge  of  the  optic  disc. 
Layers  as  follows : — 1.  Membrana  limitans  interna,  from 
■which  the  fibres  of  Miiller  extend  vertically.  2.  Nerve  fibres. 
3.  Large  vessel  with  blood  corpuscles.  4.  Nerve  cells.  The 
tissue  is  very  loose  at  this  part.  5.  Internal  molecular.  A 
capillary  vessel  is  present  here.  6.  Internal  nuclear.  7.  Ex- 
ternal molecular.  8.  External  nuclear.  9.  Membrana  limitans 
externa.  10.  Eods  and  cones.  Only  indications  of  these  can 
be  seen. 

EiG.  182.— Vertical  Section  of  Retina  near  Periphery. 

X  300.  Glycerine. 

This  is  about  2  millimetres  behind  the  ora  serrata  ;  from  same 
eye  as  Eig.  181. 

Layers  as  follows  :— 1.  Membrana  limitans  interna.  2.  Nerve- 
fibres.  3.  Internal  molecular.  4.  Internal  nuclear.  5.  External 
molecular.  6.  External  nuclear.  7.  Membrana  limitans  ex- 
terna.  8.  Eods  and  cones. 


PLIJ(XJ( 


PLATE  LXXXI. 


Tig.  183.— Vertical  Section  of  Retina. 

X  300.  Glycerine, 

This  is  about  5  millimetres  from  the  edge  of  the  optic  disc. 

Layers  as  follows  :— 1.  Membrana  limitans  interna,  from 
■whicli  the  fibres  of  Miiller  extend  vertically  in  bundles. 
2.  Nerve  fibres.  3.  Nerve  cells.  4.  Internal  molecular.  5.  In- 
ternal nuclear.  6.  External  molecular.  7.  External  nuclear, 
with  well-marked  inner  fibrous  portion.  8.  Membrana  limi- 
tans externa.  9.  Eods  and  cones,  not  well  preserved.  10.  Pig- 
mented epithelium. 

EiG.  184.— Vertical  Section  of  Retina  near  Disc. 
X  45.  Glyceriue. 

Layers  as  follows  :— 1.  Nerve  fibres,  cut  transversely,  divided 
into  bundles  by  the  connective-tissue  frame-work.  A  large 
vessel  and  some  smaller  ones  are  cut  across.  2.  Internal  mole- 
cular. 3.  Internal  nuclear.  4.  Eibrous  portion  of  external 
nuclear.    5.  External  nuclear.    6.  Eods  and  cones. 

Fig.  185.— Internal  Surface  of  Retina. 

X  300.    Silver,  Glycerine. 
The  dark  lines  are  produced  by  the  staining  with  silver. 

EiG.  186.— Vertical  Section  of  Macula  Lutea. 

X  45.  Glycerine. 

Layers  as  foUows :— 1.  Nerve  fibres.  2.  Internal  molecular. 
3  Internal  nuclear.  4.  External  molecular  and  inner  fibrous 
portion  of  the  next  layer.  5.  External  nuclear.  6.  Rods  and 
cones.  The  fovea  centralis  is  in  the  middle  of  the  figure,  where 
the  layers  are  thinned. 
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Fig.  187.— Vertical  Section  of  Macula  Lutea. 

X  200.  Glycerine. 

Hetinal  layers  as  follows:— 1.  Membrana  limitans  interna. 
•'3.  Nerve  fibres  and  internal  molecular.    3.  Internal  nuclear, 

4.  External  molecular  and  inner  fibrous  portion  of  nest  layer. 

5.  External  nuclear.  6.  Eods  and  cones.  In  the  middle  of  the 
-figure  is  the  fovea  centralis,  and  the  neighbouring  radial  fibres 
iliave  a  slanting  direction  towards  this  iDoint. 
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Fig.  188.— Vertical  Section  of  Retina. 

X  300.    Logwood,  Dammar. 

This  is  about  4  millimetres  from  the  edge  of  the  optic  disc. 

Layers  as  follows: — 1.  Membrana  limitans  interna,  from 
which  the  fibres  of  Miiller  extend  vertically.  2.  Nerve  fibres. 
3.  Nerve  cells.  4.  Internal  molecular.  5.  Internal  nuclear. 
6.  External  molecular.  7.  External  nuclear.  8.  Membrana 
limitans  externa.  9.  Eods  and  cones,  an  indistinct  granular 
mass. 

EiG.  189.— Vertical  Section  of  Retina  near  Disc. 

X  45.    Logwood,  Dammar. 

Layers  as  follows  :—l.  Membrana  limitans  interna.  2.  Nerve 
fibres.  3.  Nerve  colls.  A  blood-vessel  is  present  here.  4.  In- 
ternal molecular.  5.  Internal  nuclear.  6.  External  molecular 
and  inner  fibrous  portion  of  the  next  layer.  7.  External  nuclear. 
8.  Membrana  limitans  externa.    9.  Eods  and  cones. 

I^iG.  190.— Vertical  Section  of  Retina  with  CEdema. 

X  45.   Logwood,  Dammar. 

Layers  as  follows  :—l.  Membrana  limitans  interna.  2.  Nerve 
fibres.  3.  Internal  nuclear.  4.  External  molecular  and  fibrous- 
portion  of  the  next  layer.  5.  External  nuclear.  6.  Eods  and 
cones.  Towards  the  left  side  of  the  figure  the  retina  is  normal ; 
about  the  middle  both  the  internal  and  the  external  nuclear 
layers  are  affected  and  thickened* containing  empty  spaces  at 
the  rio-ht  side  only  the  internal  nuclear  layer  is  affected,  bemg 
greatfv  thickened,  and  having  its  elements  separated  by  large- 
spaces. 
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I'iG.  191— Vertical  Section  of  Retina  with  GUdema, 

X  300.  Glycerine. 

Layers  as  follows  :— 1.  Membrana  limitaDS  interna,  from 
■which  fibres  of  Miiller  pass  vertically.  2.  Nerve  fibres.  3. 
Nerve  cells  and  internal  molecnlar.  4.  Internal  nuclear,  greatly 
tbiclcened  and  containing  large  empty  spaces.  The  fibres  pass- 
ing through  it  are  very  distinct,  and  form  bundles  between  the 
spaces ;  and  the  nuclei  are  embedded  among  the  fibres  in  fusi- 
form thickenings.  5.  External  molecular.  6.  External  nuclear, 
7.  Membrana  limitans  externa.    8.  Eods  and  cones. 
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Fig.  192.— Vertical  Section  of  Retina  near  Ora 
Serrata  with  Cystic  Degeneration. 

X  45.  Glycerine. 

This  is  from  an  eye  witli  chronic  glaucoma. 

1.  Internal  surface.  2.  External  surface.  None  of  the 
normal  structure  can  be  distinguished.  The  retina  is  split  by  a 
large  cavity  into  two  layers  of  fibrous  tissue,  and  in  each  of 
these  numlDers  of  empty  spaces  occur. 

Pig.  193.— Vertical  Section  of  Retina  near  Ora  Serrata 
with  Cystic  Degeneration. 

X  300.  Glycerine. 
This  is  from  the  same  eye  as  Fig.  192. 

1.  Internal  surface.  2.  External  surface.  Numerous  small 
cysts  are  seen  as  empty  spaces  among  fibrous  tissue,  and  between 
the  two  main  layers  part  of  a  large  cavity  intervenes.  One  of 
the  cysts  contains  amorphous  granular  material;  towards  the 
outer  surface  some  of  the  nuclear  elements  are  present. 
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Tig.  194.— Vertical  Section  of  Retina  with  Retinitis 
Albuminurica. 

X  300.  Glycerine. 

Layers  as  follows:—!.  Membrana  limitans  interna,  from 
which  the  fibres  of  Miiller  pass  vertically.  2.  Nerve  fibres. 
3.  Internal  molecular.  4.  Internal  nuclear.  5.  External 
molecular.  6.  External  nuclear.  The  rods  and  cones  are 
absent.  The  internal  nuclear  and  external  molecular  layers 
are  much  altered,  and  contain  compound  granular  corpuscles 
and  large  granular  masses,  some  of  which  have  a  nucleus,  lying 
in  spaces  between  bundles  of  vertical  fibres.  One  or  two 
similar  masses  occur  in  the  internal  molecular  layer.  Portions 
of  two  capillaries  are  very  prominent. 

EiG.  195.— Vertical  Section  of  Retina  with  Retinitis 
Altouminurica. 

X  300.  Glycerine. 

Layers  as  follows:—!.  Membrana  limitans  interna.  2.  Nerve 
fibres,  cut  transversely.  3.  Nerve  cells.  4.  Internal  molecular. 
5  Internal  nuclear.  6.  External  molecular.  7.  External 
nuclear.  8.  Membrana  limitans  externa.  9.  Rods  and  cones, 
not  well  preserved.    10.  Pigmented  epithelium. 

In  the  external  molecular  layer  there  are  large  round  granu- 
lar masses  and  prominent  capillaries.  In  the  nerve-fibre  layer 
there  is  a  blood-vessel,  cut  transversely,  and  surrounded  by  an 
infiltration  of  inflammatory  round  cells  (peri-vascuhtis) ;  this 
has  displaced  the  adjacent  layers  somewhat,  and  the  nerve  cells 
are  absent  locally. 
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Fig.  196.— Vertical  Section  of  Retina  with.  Rstinitis 
Albuminnrica. 

X  300.  Glycerine. 

Layers  as  follows  :—l.  Membranalimitans  interna.  2.  ISTerve 
fibres,  cut  across,  divided  into  bundles  by  the  connective-tissue 
frame-work.  A  transverse  section  of  an  artery  is  present  in 
this  layer,  with  thickened  clear  walls  (sclerosis).  At  the  outer 
part  of  this  layer  there  is  a  longitudinal  section  of  a  blood- 
vessel with  thick  walls.  3.  Nerve  cells.  4.  Internal  molecular. 
5.  Internal  nuclear.  6.  External  molecular.  7.  External 
nuclear.  8.  Membrana  limitans  externa.  The  rods  and  cones 
are  not  preserved. 

Fig.  197.— Vertical  Section  of  Retina  with  Plastic 
Retinitis. 

X  300.  Glycerine. 

This  is  from  an  eye  enucleated  fifteen  days  after  a  wound  in 
the  corneo-scleral  region. 

Layers  as  follows  :— 1 .  Membrana  limitans  interna.  2.  ^  Xerve 
fibres.  This  layer  is  thickened  with  an  infiltration  of 
inflammatory  round  cells.  3.  Internal  molecular.  4.  Inter- 
nal nuclear.  5.  External  molecular.  6.  External  nuclear. 
7.  Membrana  limitans  externa.  8.  Eods  and  cones,  not  well 
preserved. 
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198.— vertical  Section  of  Retina  witli  Plastic 
Betinitis. 

X  45.  Glycerine. 
This  is  from  the  same  case  as  Fig.  197. 

Layers  as  follows  :-l.  Nerve  fibres.  At  the  left  side  this 
layer  is  greatly  thickened,  and  has  a  copious  infiltration  with 
inflammatory  cells.  2.  At  this  point  the  retina  ceases^to  be 
affected  3.  Internal  molecular.  4.  Internal  nuclear.  5.  Ex- 
ternal molecular.  6.  External  nuclear.  7.  Membrana  Hmitans 
externa.    8.  Eods  and  cones. 

jije.  199._Vertical  Section  of  Atrophied  Betina. 

X  45.  Glycerine. 

This  is  from  a  case  of  chronic  glaucoma. 

1  Internal  surface.  2.  External  surface  with  pigmented 
epithelium.  At  each  end  of  the  figure  the  atrophy  is  very  great, 
the  retina  being  reduced  to  a  thin  fibrous  membrane ;  and  even 
in  the  central  portion  it  is  well  advanced,  although  indications 
of  different  layers  can  be  distinguished. 
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Fig.  200— Vertical  Section  of  Atrophied  Retina. 

X  300.  Glycerine. 

The  thickness  of  the  retiua  is  greatly  diminished,  and  the 
inner  layers  are  replaced  by  fibrous  tissue. 

1.  Membrana  limitans  interna,  much  thickened.  2.  Nerve- 
fibre  layer,  chiefly  fibrous  tissue,  in  the  midst  o£  which  a  denser 
portion  indicates  an  obliterated  blood-vessel.  The  outer  layers 
are  thin;  but  their  remains  can  still  be  distinguished  as 
'follows  : — 3.  Internal  molecular.  4.  Internal  nuclear.  6.  Ex- 
ternal molecular.  6.  External  nuclear.  7.  Membrana  limitans 
externa. 

Fig.  201.— Vertical  Section  of  Atrophied  Ketina. 

X  300.  Glycerine. 

This  portion  of  retina  shows  very  advanced  atrophy. 
1.  Membrana  limitans  interna.  2.  The  inner  layers  are  re- 
placed by  a  stratum  of  fibrous  tissue,  with  a  dense  cord  represent- 
ing an  obliterated  blood-vessel.  3.  The  outer  layers  are  quite 
indistinguishable,  and  their  position  is  occupied  by  granular 
material  and  interlacing  fibres. 

Fig.  202.— Pigment  in  Detached  and  Atrophied  Retina. 

X  300.    Stained,  Dammar, 

This  is  from  the  same  eye  as  Fig.  203,  and  from  a.  position 
near  No.  7  of  that  figure. 

There  are  elongated  and  round  nuclei,  stained,  among  fibrous 
tissue.  The  deposit  of  pigment  was  in  the  form  of  dark  brown 
granules  of  various  sizes  in  loose  roundish  collections  and  lu. 
large  cells,  some  of  which  were  nucleated. 
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Tig.  203.— Vertical  Section  of  Optic  Disc  with 
Detached  Eetina. 

X  10.    Stained,  Dammar. 
For  the  history  of  the  case  see  Fig.  215. 

1.  Optic  uerve ;  the  connective-tissue  frame-work  is  stained. 
2.  Inner  sheath.  3.  Outer  sheath.  4.  Sclerotic.  5.  Choroid. 
6.  Remains  of  retina,  passing  forwards  as  a  fibrous  cord  from 
the  centre  of  the  disc.  It  spread  out  anteriorly,  and  was 
iittached  about  tlie  ora  serrata.  Portions  of  the  central  vessels 
are  present.  7.  At  this  place  there  was  a  deposit  of  pigment 
continuous  with  the  adjacent  choroiJ.  The  disc  appears 
dragged  forwards  ;  and  the  inner  layers  of  the  choroid  extend 
over  the  retinal  cord. 

Fig.  204..— Vertical  Section  of  Optic  Disc  with 
Detached  Retina. 

X  10.  Glycerine. 

For  the  history  of  the  case  see  Fig.  187. 

1.  Optic  nerve.  2.  Inner  sheath.  3.  Outer  sheath.  4.  Scle- 
rotic. 5.  Choroid.  6.  Eemains  of  retina,  passing  forwards  from 
the  disc.  7.  At  this  point  the  retina  became  funnel-shaped ; 
the  periphery  was  attached  at  the  ora  serrata. 
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Fig.  205. — Vertical  Section  of  Atrophied  and 
Pigmented  Retina. 

X  300.  Glycerine. 

The  retina  is  greatly  reduced  ia  thickness,  and  is  converted 
into  a  loose  fibrous  net-work,  in  which  masses  of  pigment, 
pigmented  cells,  and  scattered  free  granules  of  pigment  are 
embedded. 

1.  The  membrana  limitans  interna,  connected  with  the 
radiating  fibres  of  Milller.  2.  In  the  inner  layers  the  direction 
of  the  fibres  is  more  or  less  parallel  with  the  surface.  3.  The 
outer  layers  are  indicated  by  nuclei  distributed  throughout 
the  tissue,  which  is  loose  and  irregular  in  its  arrangement. 
4.  Some  of  the  pigmented  epithelium  is  still  present  in  its 
normal  position.  5.  The  atrophied  choroid  forms  a  thiu  band 
of  dense  fibrous  tissue  with  some  pigment. 

Tig.  206.— Vertical  Section  of  Ctioroid  and  Retina 
after  Choroido-retinitis. 

X  45.  Glycerine. 

1.  At  this  place  retinal  elements  are  present,  level  with  the 
choroid,  with  which  they  are  incorporated;  large  masses  of 
pigment  surround  them.  2.  Inner  surf  ace  of  choroid.  3.  Outer 
surface  of  choroid.  The  choroid  is  atrophied  and  very  fibrous ; 
the  normal  pigment  is  wanting ;  and  large  empty  vessels  are 
.seen,  cut  across. 
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i^iG.  207. — Vertical  Section  of  Retina  and  Choroid 
with  Accumulation  of  Pigmented  Epithelium. 

X  300.  Glycerine. 

Layers  of  retina  as  follows:—!.  Memlirana  limitans  in- 
iierna.  2.  Nerve  fibres.  3.  Nerve  cells.  4.  Internal  molecular. 
•6.  Internal  nuclear.  6.  External  molecular.  7.  External 
unclear,  with  weU-marked  inner  fibrous  jjortion.  8.  Membrana 
limitans  externa.  9.  Eods  and  cones.  10.  Pigmented  epithe- 
lium. Erom  this  there  is  a  small  nodular  out-growth,  which 
has  destroyed  the  rods  and  cones  and  displaced  the  external 
nuclear  layer  locally.  11.  The  choroid  is  atrophied,  and  forms 
■a  thin  fibrous  layer,  with  lines  of  pigment. 

Fig.  208.— Section  at  Margin  of  Glioma  Retinas. 

X  300.  Glycerine. 

1.  Bound  granular  nucleated  cells  of  glioma,  invading  the 
■external  molecular  layer  of  the  retina.  2.  Part  of  the  external 
nuclear  layer. 
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Fig.  209.— Vertical  Section  of  Periphery  of  Retina 
with  Glioma, 

X  45.    Logwood,  Dammar. 

I.  is  continuous  with  II. ;  A.  is  the  most  posterior  part;  B.  is 
directly  continuous  with  C. ;  D.  is  the  most  anterior  part,  near 
the  ora  serrata.  The  retina  was  folded  and  thickened  by  the 
Cfrowth  advancing  from  the  fundus. 

1.  Internal  surface.  2.  External  surface,  with  granular 
traces  of  the  rods  and  cones  at  some  places.  3.  Anterior 
border  of  main  tumour,  which  involved  the  whole  of  the  retina 
at  the  fundus.  Nearer  the  periphery  than  this  there  is  an 
interval,  where  the  retina  is  unaffected.  Then  at  4  comes  a 
nodule  of  glioma,  quite  separate  from  the  main  tumour,  involv- 
ing all  the  retinal  layers,  which  are  replaced  by  its  tissue, 
though  the  external  nuclear  layer  is  at  one  part  unchanged, 
and  can  be  everywhere  distinguished.  At  5  some  gliomatous 
tissue,  detached  from  a  softened  part  of  the  primary  growth, 
lies  on  the  inner  surface  of  the  retina,  and  some  cells  are 
present  about  a  blood-vessel  in  the  nerve-fibre  layer.  The 
nuclear  layers  are  no  longer  distinct  from  one  another.  At  6  a 
similar  condition  of  the  nerve-fibre  layer  occurs,  with  some  cells 
nearer  the  outer  surface.  At  7  the  inner  layers  are  difi'usely 
affected.  In  the  neighbourhood  of  8  the  internal  nuclear  layer 
is  the  only  one  changed,  or  is  chiefly  afl-ected.  Near  9  all  the 
layers  contain  some  cells.  10.  This  marks  the  extreme  anterior 
margin  of  the  gliomatous  infiltration,  in  the  external  nuclear 
layer. 
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Fig.  210. — Capsule  of  Lens  with.  Epithelium  and 
Fibres  of  Zonula. 

X  300.    Stained,  Glycerine. 

This  is  from  the  anterior  segment  of  the  capsule. 

1.  Portion  of  transparent  homogeneous  capsule.  2.  Epithelial 
-cells,  lining  the  internal  sui'face.  3.  Fibres  of  zonula  of  Zinij, 
passing  to  the  external  surface,  on  which  they  are  lost. 

Pig.  211.— Epithelium  from  Capsule  of  Lens. 

X  300.    Silver,  Glj-ceriue. 

The  intercellular  substance  is  stained  by  the  silver ;  a  nucleus 
is  visible  in  some  of  the  cells. 

Fig.  212.— Vertical  Section  of  Capsule  of  Lens. 

X  300.  Glycerine. 

I.  is  from  near  the  anterior  pole ;  II.  nearer  the  margin ;  and 
III.  near  the  equator. 
1.  Capsule.    2.  Epithelium,  lining  the  internal  surface. 

Fig.  213. — Vertical  Section  of  Anterior  Layers  of  Lens. 

X  300.    Stained,  Dammar. 

1.  Capsule.    2.  Epitheliam.    3.  Fibres  of  lens,  some  with  a 
.nucleus. 

Fig.  21-1.— Portions  of  Fibres  of  Lens. 
X  300.  Glycei-ine. 
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PLATE  XCV. 


Fig.  215. — Anterior  portion  of  Eyeball  with  Wound 
of  Cornea,  Iris,  and  Lens. 

X  10.  Glycerine. 

This  is  from  a  man,  thirty-six  years  of  nge.  Fifty-three  days- 
before  the  enucleation  of  the  eyeball  a  fragment  of  iron  passed 
through  the  upper  part  of  the  cornea,  iris,  and  lens,  and  lodged 
in  the  vitreous  behind  the  lower  part  of  the  lens.  The  injury 
led  to  irido-cyclitis  and  softening  of  the  globe.  The  condition 
of  the  optic  disc  is  seen  in  Fig.  203. 

1.  Conjunctiva.  2.  Sclerotic.  3.  Cornea.  4.  Cicatrix  of 
wound  in  cornea  ;  Bowman's  membrane  is  interrupted  and  the 
anterior  epithelium  is  thickened  here.  6.  Ii-is ;  the  pupillary 
margin  is  adherent  to  the  cornea  at  the  cicatrix  (synechia 
anterior),  and  to  the  capsule  of  the  lens  (synechia  posterior). 
6.  Peripheral  portion  of  iris,  near  wound.  7.  Eemains  of  uvea 
in  inflammatory  exudation.  8.  Ciliary  body,  detached  and 
dragged  inwards.  9.  Loose  tissue,  between  ciliary  muscle  and 
sclerotic.  10.  Choroid,  detached.  11.  Cyclitic  membrane, 
composed  of  delicate  fibres  and  many  cells,  with  blood-vessels 
and  traces  of  zonula.  12.  Portions  of  lens ;  only  some  cortical 
fibres  and  the  capsule  are  left  in  the  jjreparatiou.  The  wound 
divides  the  lens  into  two  parts.  13.  Coagulated  material, 
inside  capsule.  14.  Mass  of  inflammatory  exudation  in  the 
path  of  the  wound  ;  it  is  continuous  with  the  wounded  iris  in 
front;  and  with  the  cyclitic  membrane  behind.  15.  Portion  of 
cyclitic  membrane,  rich  in  cells  and  with  man}'  blood-vessels. 
16.  At  this  place  the  piece  of  ii-on  was  found  lying,  covered  with 
rust.  The  neighbourhood  was  stained  with  the  rust,  and  con- 
tained much  blood-pigment  in  the  form  of  brownish  granules  of 
various  sizes,  and  also  pigmented  cells,  some  of  which  were 
broken  ujd.  17.  Newly  formed  membrane,  with  fibres  and 
spindle-shaped  and  round  cells.  18.  Perijoheral  part  of  de- 
tached and  altered  retina.  19.  Blood-clot,  between  retina  and 
choroid. 
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Pig.  216.— Section  of  Wounded  Lens. 

X  45.  Glycerine. 

This  is  fi'om  an  eyeball,  removed  eight  weeks  after  injury. 

1.  Capsnle  of  lens,  at  margin  of  wound.  2.  Fibres  of  lens. 
3.  Granular  amorphous  material.  4.  Inflammatory  exudation, 
replacing  the  substance  of  the  lens.  5.  Part  of  iris,  infiltrated 
with  round  cells.    6.  Uvea  of  iris. 

Fig.  217.— Section  of  Capsule  of  Lens  after  Wound. 

X  45.  Glycerine. 

This  is  from  an  eyeball,  removed  seven  weeks  after  injury. 

1.  Inflammatory  membrane,  composed  of  fibres  and  cells,  in 
which  the  capsule  of  the  lens  is  embedded.  The  capsule  is 
rolled  up  and  folded  irregularly,  and  it  varies  in  thickness  at 
different  parts.  At  the  left  side  some  of  the  epitheHum  is 
attached  to  the  internal  surface.  2.  Pigmented  cells,  derived 
from  the  iris.    3.  Pigment  from  the  uvea. 
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Fig.  218.— Blastoderm  of  Hen's  Egg,  after  18  hours' 

incubation. 

X  30.    Picric  Acid,  Glycerine. 

This  shows  the  primitive  groove. 
1.  Cephalic  end.    2.  Caudal  end. 

Fig.  219.— Blastoderm  of  Hen's  Egg,  after  18  hours' 

incubation. 

X  30,    Pici-ic  Acid,  Glycerine. 

This  shows  the  primitive  groove,  in  a  more  advanced  stage. 
1.  Cephalic  end.    2.  Caudal  end. 

Fig.  220.— Blastoderm  of  Hen's  Egg,  after  18  hours' 

incubation. 

X  30.    Picric  Acid,  Glycerine. 

This  shows  a  further  stage  of  development. 

Opposite  No.  1  is  the  medullary  groove,  in  front  of,  and 
separate  from,  the  primitive  groove,  which  is  opposite  No.  2. 
3.  Fold  in  front  of  future  head.  4.  Similar  fold  behind  caudal 
extremity  of  embryo. 
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Fig,  221.— Embryo  of  Chick,  after  21  hours'  incubation. 

X  30.    Picric  Acid,  Glycerine. 

Only  the  cephalic  end  is  drawn.  The  laminae  dorsales  rise 
up  from  the  sides  of  the  medullary  groove,  and  approach  one 
another. 

Pig.  222.— Embryo  of  Chick,  after  21  hours'  incubation. 

X  30.    Picric  Acid,  Glycerine. 

Only  the  cephalic  end  is  drawn.  The  development  is  more 
advanced  than  in  Fig.  221,  and  the  laminae  dorsales  are  close  to 
one  another,  so  that  part  of  the  embryo  is  almost  tubular. 

Fig.  223.— Embryo  of  Chick,  after  36  hours'  incubation. 

X  30.   Picric  Acid,  Glycerine. 

Only  the  cephalic  portion  is  drawn.  This  is  now  tubular, 
and  from  the  enlarged  extremity  (anterior  cerebral  vesicle) 
there  is  a  bulging  on  each  side  (primary  optic  vesicles).  Three 
pairs  of  proto-vertebrae  are  seen,  and  the  amniotic  membrane 
covers  the  embryo. 
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Fig.  224.— Cephalic  portion  of  Embryo  of  Chick,  after 
24  hours'  incubation. 

X  30.    Picric  Acid,  Dammar. 

The  primary  optic  vesicles  are  well  marked  at  the  sides  of  the 
anterior  cerebral  vesicle. 

Fig.  225.— Head  of  Embryo  of  Chick,  after  48  hours' 

incubation. 

X  30.    Picric  Acid,  Canada  Balsam. 

Only  the  left  eye  is  drawn  in  detail,  the  rest  of  the  figure 
being  in  outline. 

The  involution  of  the  primary  optic  vesicle  has  taken  place, 
and  its  double  walls  form  dark  crescentic  lines,  surrounding  the 
rudimentary  lens,  which  lies  in  the  mouth  of  the  secondary 
optic  vesicle.  The  anterior  extremity  of  the  choroidal  fissure  is 
seen  at  the  lowest  part. 

Fig.  226.— Head  of  Embryo  of  Perch. 

X  30.    Picric  Acid,  Dammar. 

The  embryo  was  6  millimetres  in  length,  and  is  viewed  some- 
what obliquely  from  the  left  side,  the  right  eye  being  obscured 
by  the  intervening  tissues.  In  the  left  eye  the  lens  is  seen 
lying  in  the  mouth  of  the  deeply  pigmented  optic  cup,  and  the 
anterior  portion  of  the  choroidal  fissure  is  visible.  In  the  right 
eye  the  posterior  part  of  the  choroidal  fissure  is  distinguish- 
able. 

Fig.  227.— Head  of  Embryo  of  Perch. 

X  30.    Picric  Acid,  Glycerine. 

The  embryo,  which  was  8  millimetres  in  length,  is  viewed 
from  the  dorsal  surface.  The  pigmented  optic  cups  are  very 
prominent ;  and  in  the  mouth  of  each  of  these  the  lens  is  seen, 
covered  by  the  external  epiblastic  layer  of  the  embryo. 
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Fig.  228.— Antero-posterior  Section  of  Eye  from 
Embryo  of  Mouse. 

X  45.    Picric  Acid,  Dammar. 

The  embryo  was  about  1  centimetre  in  lengtb. 

1.  External  epiblastic  layer.  2.  Outer  pigmented  wall  oE 
optic  cup.  3.  Thick  inner  wall.  From  No.  2  some  tissue 
passes  forwards  through  an  opening  in  the  inner  wall,  and 
spreads  out  behind  the  comparatively  large  lens,  which  occupies 
most  of  the  cup. 

Fig.  229.— Horizontal  Section  of  Anterior  part  of 
Eye  from  Embryo  of  Rabbit. 

X  30.    Picric  Acid,  Glycerine. 

The  embryo  was  about  3  centimetres  in  length. 

1,  External  layers,  corresponding  in  position  with  eyelid  and 
cornea.  2.  Mesoblastic  elements,  in  position  of  sclerotic  and 
choroid.  3.  Thin  outer  pigmented  wall  of  optic  cup.  4.  Thick 
inner  wall,  with  indications  of  retinal  elements.  This  has  been 
broken  ofiF,  and  is  absent,  at  the  opposite  side.  5.  Yascular 
tissue  behind  lens  in  vitreous  cavity.  6.  Lens ;  the  anterior 
part  is  composed  of  fibres,  running  mostly  from  before  back- 
wards;  the  posterior  part  contains  coagulated  granular  and 
vacuolated  material. 

Fig.  230.— Meridianal  Section  of  Ciliary  Region  of 
Eye  from  Embryo  of  Rabbit. 

X  300.    Picric  Acid,  Glycerine. 

This  is  from  the  same  embryo  as  Fig.  229. 

1.  Anterior  cellular  layer  of  epiblast  (corneal  and  conjuncti- 
val). 2.  Mesoblastic  layer  (corneal  and  scleral).  3.  Pigmented 
outer  wall  at  edge  of  optic  cup.  4.  Inner  wall.  5.  Fibrous 
membrane,  passing  behind  lens.  6.  Epithelium  at  external 
surface  of  lens.    7.  Fibres  of  lens. 
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In  4  Vols.,  large  Svo,  with  306  Coloured  Plates,  bound  in  half 
morocco,  gilt  edges,  £11  Us. 
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B  O  T  AN  Y— continued. 
BENTLEY.—A  Manual  of  Botany.     By  Robert 

Bbntley,  F.L.S.,  M.R.C.S.,  Professor  of  Botany  in  Kings  College 
and  to  the  Pharmaceutical  Society.  With  1185  Engravings.  Fourth 
Edition.    Crown  8vo,  15s. 

By  the  same  Author. 

The     Student's     Guide     to  Structural, 

Morphological,  and  Physiological  Botany.  With  660  Engi-avings 
Pcap.  Svo,  73.  6d. 

ALSO, 

The     Student's     Guide     to  Systematic 

Botany,  including  the  Classification  of  Plants  and  Descriptive 
Botany.    VYith  357  Engravings.    Fcap.  Svo,  3s.  6d. 

CHEMISTRY. 
BERNAYS.~l<iot&s  for  Students  in  Chemistry; 

being  a  Syllabus  of  Chemistry  compiled  mainly  from  the  Manuals  of 
FoAvnes- Watts,  Miller,  Wurz,  and  Schorlemmer.  By  Albert  J.  Beknays, 
Ph.D.,  Professor  of  Chemistry  at  St.  Thomas's  Hospital.  SLxth 
Edition.   Fcap.  Svo,  Ss.  6d. 

By  the  same  Author. 

Notes     on     Analytical     Chemistry  for 

students  in  Medicine.    Second  Edition.    Crown  Svo,  4s.  6d. 

BLOXAM.~Q,h.emistvy,  Inorganic  and  Organic ; 

with  E.\-periments.   By  Charles  L.  Bloxam,  Professor  of  Chemistry  in 
King's  College.    Fifth  Edition.    With  292  Engi'avings.   Svo,  16s. 
By  the  same  Author. 

Laboratory    Teaching;     or,  Progressive 

E.\ercise8  in  Practical  Chemistry.  Fifth  Edition.  With  89 
Engravings.    Crown  Svo,  6s.  6d. 

BOWMAN  AND  BLOXAM.— IPrsiCtical  Chemistry, 

including  Analysis.  By  John  E.  Bowman,  and  Charles  L.  Bloxam, 
Professor  of  Chemistry  in  King's  College.  Eighth  Edition.  With  90 
Engravings.     Fcap.  Svo,  5s.  6d. 

BROWN. —'Practical    Chemistry:  Analytical 

Tables  and  Exercises  for  Students.  By  J.  Campbell  Brown,  D.Sc. 
Lend.,  Professor  of  Chemistry  in  University  College,  Liverpool. 
Second  Edition.   Svo,  2s.  6d. 


11,  NEW  BURLINGTON  STREET. 


J.  8f  A.  ChurchilVs  Medical  Class  Books. 


C'H.'EM.ISTIiY— continued. 

CLOWES. — Practical  Chemistry  and  Qualita- 
tive Inorganic  Analysis.  Adapted  for  use  in  tlie  Laboratories  of 
Solioola  and  Colleges.  By  Frank  Clowes,  D.Sc.  Lond.,  Professor  o£ 
Chemistry  in  University  College,  Nottingham.  Foiu-th  Edition.  "With 
Engi-avings.   Post  8vo,  7s.  6d. 

FOWNJES.— Manual  of  Chemistry.— /STee  WATTS. 
FRANKLANDAND  /.APP.— Inorganic  Chemistry. 

By  Edward  Frankland,  Ph.D.,  D.C.I.,  F.B..S.,  and  F.  E.  Japp,  M.A., 
Ph.D.,  F.I.C.  With  2  Lithographic  Plates  and  numerous  Wood 
Engi'avings.   8vo,  24s. 

JAMES. — Notes  on  the  Detection  of  the  Acids 

(Inorganic  and  Organic)  usuaUy  met  with  in  Analysis.  For  the  use  of 
Laboratory  Students.  By  J.  William  .;aiies,  Ph.D.,  F.C.S.,  Demon- 
strator and  Assistant  Lecturer  in  University  College,  Cardiff.   8vo,  Is. 

ilfOPL^r.— Outlines  of  Organic  Chemistry.  By 

H.  FORSTER  MORLEY,  M.A.,  D.Sc,  Assistant  Professor  of  Chemistry  at 
University  College,  London.    Crown  Svo,  7s.  6d. 

TIDY.— A   Handbook   of  Modern  Chemistry, 

Inorganic  and  Organic.  By  C.  IIETMOIT  Tidy,  51.  B.,  Professor  of 
Chemisti-y  and  Medical  Jurisprudence  at  the  London  Hospital,  Svo,  16s. 

VACHER.—A  Primer  of  Chemistry,  including 

Analysis.  By  Arthur  Vacher.  iSmo,  is. 

VALENTIN.— Chemical  Tables  for  the  Lecture- 
room  and  Laboratory.  By  WILLIAM  G.  VALENTIN,  F.C.S.  In  Five 
large  Sheets,  5s.  6d. 

VALENTIN  AND  HODGKINSON—A  Course  of 

QuaUtative  Chemical  Analysis.  By  W.  G.  VALENTIN,  F.C.S.  Sixth 
Edition  by  W.  R.  Hodgkinson,  Ph.D.  (Wurzburg),  Senior  Demon- 
strator of  Practical  Chemistry  iu  the  Science  Schools,  South 
Kensington,  and  H.  JI.  CHAPMAN,  Assistant  Demonstrator.  AVith 
Engi'avings  and  Map  of  Spectra.    Svo,  Ss.  6d. 

The  Tables  for  the  Qualitative  Analysis  of 

Simple  and  Compound  Substances,  with  Map  of  Spectra,  prmted 
separately  on  indestructible  paper.  Svo,  2s.  6d. 
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CWEWIBTRY— continued. 
WATTS. — Physical   and  Inorganic  Chemistry. 

By  Henet  Watts,  B.A.,  F.R.S.  (being  Vol.  I.  of  the  Thirteenth  Edition 
of  Fo%raes'  Manual  of  Chemistry).  With  150  Wood  Engravings,  and 
Coloiu'ed  Plate  of  Spectra.    Crown  Svo,  9s. 

By  the  same  Author. 

Chemistry    of    Carbon  -  Compounds,  or 

Organic  Chemistry  (being  Vol.  II.  of  the  Thirteenth  Edition  of 
ro\viies'  Manual  of  Chemistry).  Edited  by  Wji.  A.  Tilpen, 
D.Sc,  F.B.S.    With  Engravings.   Crown  Svo,  10s. 


CHILDREN,  DISEASES  OP. 
DAY.— A  Manual  of  the  Diseases  of  Children. 

By  William  H.  Day,  M.D.,  Physician  to  the  Samaritan  Hospital  for 
Women  and  Children.    Second  Edition.   Crow  Svo,  12s.  6d. 

ELLIS.— A  Practical  Manual  of  the  Diseases 

of  Childi-en.  By  Edward  Ellis,  M.D.,  late  Senior  Physician  to  the 
Victoria  Hospital  for  Sicli  Children.  With  a  Formulary.  Foiu-th 
Edition.    Crown  Svo,  10s. 

GOODRART.—The  Student's  Guide  to  Diseases 

of  ChUdren  By  James  F.  Goodhart,  M.D.,  F.R.C.P.,  Assistant  Physi- 
cian to  Guy's  Hospital ;  Pliysiciau  to  the  Evelina  Hospital  for  Sick 
Children.    Second  Edition.    Fcap.  Svo.  [In  the  press. 

SMITH. — On  the  Wasting  Diseases  of  Infants 

and  Cluldi-en.  By  Eustace  Sjuth,  M.D.,  F.R.C.P.,  Physician  to 
H.M.  the  King  of  the  Belgians,  and  to  the  East  London  Hospital 
for  Children.    Fourtli  Edition.    Post  Svo,  Ss.  6d. 

By  the  same  Author. 

A  Practical  Treatise  on  Disease  in  Chil- 
dren. Svo,  22s. 

STEINUM.— Compendium    of   Children's  Dis- 

eases ;  a  Handboolc  for  Practitioners  and  Students.  By  Johann 
Steiner,  M.D.  Translated  by  Lawson  Tait,  F.R.C.S.,  Siu'geon  to  the 
Birmingham  Hospital  for  ^Vomen,  <&c.   Svo,  12s.  6d. 
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DENTISTRY. 
GORGAS.  —  Dental   Medicine  :    a    Manual  of 

Dental  Materia  Medica  and  Therapeutics,  for  Practitioners  and 
Students.  By  Fekdinand  J.  S.  GoBQAS,  A.M.,  M.D.,  D.D.S.,  Professor 
of  Dentistry  in  tlie  University  of  Maiyland ;  Editor  of  "Harris's 
Pi-inciples  and  Pi'actice  of  Dentistry,"  &c.   Eoyal  8vo,  14s. 

HARRIS.  —  The    Principles    and  Practice  of 

Dentistry ;  Including  Anatomy,  Physiology,  Pathology,  Therapeutics, 
Dental  Surgeiy,  and  Mechanism.  By  Chapin  A.  Hakkis,  M.D.,  D.D.S. 
Eleventh  Edition,  revised  and  edited  by  Fbkdinand  J.  S.  Gorgas 
A.M.,  M.D.,  D.D.S.    With  750  Illustrations.   8vo,  31s.  6d. 

SEWILL.—ThQ    Student's    Guide    to  Dental 

Anatomy  and  Sui-gery.  By  Henry  E.  Sewill,  M.R.C.S.,  L.D.S.,  late 
Dental  Sui'geon  to  the  West  London  Hospital.  Second  Edition. 
With  78  Engi-avings.   Ecap.  8vo,  5s.  6d. 

STOGKEN.— Elements  of  Dental  Materia  Medica 

and  Therapeutics,  -ivith  Pharmacopoeia.  By  James  Stocken,  L.D.S.E.C.S., 
late  Lecturer  on  Dental  Materia  Medica  and  Therapeutics  and  Dental 
Surgeon  to  the  National  Dental  Hospital;  assisted  by  Thomas  Gaddes, 
L.D.S.  Eng.  and  Edin.    Thii'd  Edition.    Fcap.  8vo,  7s.  6d. 

TOMES  (C.  Manual  of  Dental  Anatomy, 

Human  and  Comparative.  By  Charles  S.  Tomes,  M.A.,  F.R.S. 
Second  Edition.    With  191  Engravings.    Crown  8vo,  12s.  6d. 

TOMES  {J.  and  G.  S.).—A  Manual  of  Dental 

Surgery.  By  Sir  John  Tomes,  M.K.C.S.,  F.R.S.,  and  Charles  S.  Tomes. 
M.A.,  M.R.C.S.,  F.E.S.  ;  Lectm-er  on  Anatomy  and  Physiology  at  the 
Dental  Hospital  of  London.  Third  Edition.  With  many  Engravings, 
Crown  8V0.    [Preparing. 

EAR,  DISEASES  OP. 
BURNETT.— The  Ear:  its  Anatomy,  Physio- 
logy, and  Diseases.  A  Practical  Treatise  for  the  Use  of  Medical 
Students  and  Practitioners.  By  Charles  H.  Burnett,  M.D.,  Aural 
Surgeon  to  the  Presbyterian  Hospital,  Philadelpliia.  Second  Edition. 
With  107  Engravings.   8vo,  18s. 

DALBY.— On  Diseases  and  Injuries  of  the  Ear. 

By  Sir  William  B.  Dalbt,  F.B,.C.S.,  Aural  Surgeon  to,  and  Lecturer 
on  Aural  Sui'gery  at,  St.  George's  Hospital.  Third  Edition.  With 
Engravings.    Cro^vn  8vo.  7s.  6d.   
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EAR,  DISEASES  O'F— continued. 
JONES— A  Practical  Treatise  on  Aural  Sur- 
gery.   By  H.  Macnauohton  Jones,  M.D.,  Professor  of  tlie  Queen's 
University  in  Ireland,  late  Surgeon  to  tlie  Corlc  Ophtlialraic  and  Aural 
Hospital.   Second  Edition.    With  63  Engravings.    Crown  8vo,  8s.  6d. 
By  the  same  Author. 

Atlas  of  the  Diseases  of  the  Membrana 

Tympani.  In  Coloured  Plates,  containing  59  Figures.  With  Ex- 
planatory Text.   Cro\vn  4to,  21s. 


FORENSIC  MEDICINE. 
ABERCROMBIK  —  The     Student's    Guide  to 

lledical  Jurisprudence.  By  John  Abercrojibie,  M.D.,  F.R.C.P., 
Senior  Assistant  to,  and  Lectiu'er  on  Forensic  Medicine  at,  Charing 
Cross  Hospital.    Fcap  Svo,  7s.  6d. 

OGSTON. — Lectures  on  Medical  Jurisprudence. 

By  Francis  Ogston,  M.D.,  late  Professor  of  Medical  Jurisprudence 
and  Medical  Logic  in  tlie  University  of  Aberdeen.  Edited  by  FRANCIS 
Ogston,  Jun.,  M.D.,  late  Lecturer  on  Practical  Toxicology  in  the 
University  of  Aberdeen.    With  12  Plates.   Svo,  18s. 

TAYLOK^ThQ    Principles    and    Practice  of 

Medical  Jurisprudence.  By  Alfred  S.  Taylor,  M.D.,  F.R.S. 
Thii-d  Edition,  revised  by  Thomas  Stevenson,  M.D.,  F.R.C.P.,  Lec- 
turer on  Chemistry  and  Medical  Jurisprudence  at  Guy's  Hospital ; 
E.xamlner  in  Chemistry  at  the  Royal  College  of  Physicians ;  Official 
Analyst  to  the  Home  Office.  With  188  Engravings.  2  Vols.  Svo,  31s.  6d. 
By  the  same  Author, 

A  Manual  of  Medical  Jurisprudence- 
Eleventh  Edition,  revised  byTHOjiAS  Stevenson,  M.D.,  F.R.C.P. 
With  56  Engravings.    Crown  Svo,  14s. 

ALSO, 

On  Poisons,  in  relation  to  Medical  Juris- 
prudence and  Medicine.  Third  Edition.  With  104  Engi'avings. 
Crown  Svo,  16s. 

TIDY  AND    WOODMAN.— A    Handy-Book  of 

Forensic  Medicine  and  Toxicology.  By  C.  Mbyjiott  Tidy,  M.B.  ;  and 
W.  Bathuest  Woodman,  M.D.,  F.R.C.P.  With  8  Lithographic  Plates 
and  116  Wood  Engravings.   Svo,  31s.  6d. 
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HYGIENE. 

PARKINS.  —  A   Manual  of  Practical  Hygiene. 

By  Edmund  A.  Parkbs,  M.D.,  F.R.S.  Sixth  Edition  byF.  DeChaumont, 
M.D.,  F.B.S.,  Professor  of  Military  Hygiene  In  the  Army  Medical 
School.   With  9  Plates  and  103  Engravings.   8vo,  18s. 

WILSON.— A  Handbook  of  Hygiene  and  Sani- 
tary Science.  By  George  Wilson,  M.A.,  M.D.,  F.E.S.E.,  Medical 
Officer  of  Health  for  Mid  Warwickshire.  Sixth  Edition.  With  En- 
gravings.   Cro>ni  8vo.  [In  the  press. 


MATERIA  MEDICA  AND  THERAPEUTICS. 
BINZ  AND  SPARES.— The  Elements  of  Thera- 
peutics; a  Clinical  Guide  to  the  Action  of  Medicines.  By  C. 
BiNZ,  M.D.,  Professor  of  Pharmacology  in  the  University  of  Bonn. 
Translated  and  Edited  mih  Additions,  in  conformity  with  the  British 
and  American  Pharmacopoeias,  by  Edwakd  I.  Spaeks,  M.A.,  M.B., 
F.R.C.P.  Lond.    Crown  8vo,  8s.  6d. 

LESOHER.— Recent   Materia   Medica.  Notes 

on  their  Origin  and  Therapeutics.  By  P.  Haewood  Leschee,  F.C.S., 
Pereira  Medallist.    Second  Edition.   8vo,  2s.  6d. 

OWEN— A  Manual  of  Materia  Medica;  in- 
corporating the  Author's  "  Tables  of  Materia  Medica."  By  Isambakd 
Owen,  M.D.,  F.K.C.P.,  Lecturer  on  Materia  Medica  and  Therapeutics 
to  St.  George's  Hospital.    Second  Edition.    CroTO  8vo,  6s.  6d. 

ROYLE  AND  HARLE7.—A  Manual  of  Materia 

Medica  and  Therapeutics.  By  J.  Foebes  Rotle,  M.D.,  F.E.S.,  and 
John  Haelkt,  M.D.,  F.R.C.P.,  Physician  to,  and  Joint  Lecturer  on 
Clinical  Medicine  at,  St.  Thomas's  Hospital.  Sixth  Edition,  including 
addition  and  alterations  in  the  B.P.  1885.  With  139  Engravings. 
Crown  8vo,  15s. 

THOROWGOOD.  —  The    Student's    Guide  to 

Materia  Medica  and  Therapeutics.  By  John  C.  Thorowgood,  M.D., 
F.R.C.P.,  Lecturer  on  Materia  Medica  at  the  Middlesex  Hospital. 
Second  Edition.   With  Engravings.   Fcap.  Svo,  7s. 

WARING.— A  Manual  of  Practical  Therapeu- 
tics By  EDWARD  J.  WARING,  CLE.,  M.D.,  F.R.C.P.  Fourth  Edition, 
revised  by  the  Author  and  Dudley  W.  Buxton,  M.D.,  M.R.C.P. 
Crown  Svo,  14s. 
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MEDICINE. 
BARCLAY.— A  Manual  of  Medical  Diagnosis. 

By  A.  Whyte  Barclay,  M.D.,  F.R.C.P.,  late  Physician  to,  and 
Lectiu'er  on  Medicine  at,  St.  George's  Hospital.  Tliird  Edition.  Fcap. 
Svo,  10s.  6d. 

CHAETERIS.— The    Student's    Guide    to  the 

Practice  of  Medicine.  By  Matthew  Charteris,  M.D.,  Professor  of 
Therapeutics  and  Materia  Medica,  University  of  Glasgow  ;  Physician 
to  the  Royal  Infirmary.  With  Engravings  on  Copper  and  Wood. 
Fourth  Edition.    Fcap.  Svo,  9s. 

FAGGE.— The  Principles  and  Practice  of  Medi- 
cine. By  the  late  C.  Hilton  Fagge,  M.D.,  F.R.C.P.,  Edited  by  P.  H. 
Pye-Smith,  M.D.,  F.E.C.P.,  Physician  to,  and  Lecturer  on  Medicine 
at,  Guy's  Hospital.    2  Vols.   Svo.    Cloth,  36s.  ;  half  Persian,  42s. 

BBNWICK.— The  Student's  Guide  to  Medical 

Diagnosis.  By  Samuel  Fenwick,  M.D.,  F.R.C.P.,  Physician  to  the 
London  Hospital.   Sixth  Edition.  Witli  114  Engi'avings.  Fcap.  Svo,  7s. 

By  the  same  Author. 

The  Student's  Outlines  of  Medical  Treat- 

ment.    Second  Edition.    Fcap.  Svo,  7s. 

FLINT. — Clinical  Medicine  :  a  Systematic  Trea- 
tise on  the  Diagnosis  and  Treatment  of  Disease.  By  Austin  Flint, 
M.D.,  Professor  of  the  Principles  and  Practice  of  Medicine,  &c.,  in 
Bellevue  Hospital  Medical  College.    Svo,  20s. 

WARNBR.— The   Student's   Guide  to  Clinical 

Medicine  and  C'ase-Taliing.  By  Francis  Warner,  M.D.,  F.R.C.P., 
Assistant-Physician  to  the  London  Hospital.  Second  Edition.  Fcap. 
Svo,  5s. 

WBST.— How  to  Examine  the  Chest :  being  a 

Practical  Guide  for  the  Use  of  Students.  By  Samuel  West,  M.D., 
F.R.C.P.,  Physician  to  the  City  of  London  Hospital  for  Diseases  of 
the  Chest,  &c.    With  42  Engravings.    Fcap.  Svo,  5s. 

WHITTAKBR.—Student's  Primer  on  the  Urine. 

By  J.  Travis  Whittaker,  M.D.,  Clinical  Demonstrator  at  the  Royal 
Infirmary,  Gla.sgow.  With  Illustrations,  and  16  Plates  etched  on 
Copper.   Post  Svo,  4s.  ed. 
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MIDWIFERY. 
BARNES. — Lectures  on  Obstetric  Operations, 

including  the  Treatment  of  Ha3morrliage,  and  forming  a  Guide  to  the 
ManaRement  of  Difficult  Labour.  By  Robert  Barnes,  M.D.,  F.R.C.P., 
Consulting  Obstetric  Physician  to  St.  George's  Hospital.  Fourth 
(and  cheaper)  Edition.    With  121  Engravings.   8vo,  12s.  6d. 

^^JiJTOiV.— Handbook  of  Midwifery  for  Mid- 
wives.  By  John  E.  Bdrton,  M.B.C.S.,  L.B.C.P.,  Surgeon  to  the 
Liverpool  Hospital  for  Women.  Second  Edition.  With  Engrav- 
ings.   Fcap  8vo,  6s. 

GALABIN.—A  Manual  of  Midwifery .    By  Alfred 

Lewis  Galabin,  M.A.,  M.D.,  F.E.C.P.,  Obstetric  Physician  and 
Lecturer  on  Midwifery,  itc,  to  Guy's  Hospital,  Examiner  in  Mid- 
wifery to  the  Conjoint  E.xamining  Board  for  England.  With  227 
Engravings,    Crown  Svo,  15s. 

RAMSBOTHAM.—The  Principles  and  Practice 

of  Obstetric  Medicine  and  Surgery.  By  Francis  H.  Bamsbotham,  M.D.- 
formerly  Obstetric  Physician  to  the  London  Hospital.  Fifth  Edition. 
With  120  Plates,  forming  one  thick  handsome  volume.   Svo,  22s. 

REYNOLDS.  — Notes  on  Midwifery:  specially 

designed  to  assist  the  Student  in  preparing  for  Examination.  By  J.  J. 
Reynolds,  L.R.C.P.,  M.R.C.S.  Second  Edition.  With  15  Engravings. 
Fcap.  Svo,  4s. 

ROBERTS.— The  Student's  Guide  to  the  Practice 

of  Midwifery.  By  D.  LLorD  Roberts,  M.D.,  F.R.C.P.,  Lecturer  on 
Clinical  Midwifery  and  Diseases  of  Women  at  Owen's  College,  Phy- 
sician to  St.  Mary's  Hospital,  Manchester.  Third  Edition.  With  2 
Coloured  Plates  and  127  Engravings.    Fcap.  Svo,  7s.  6d, 

SCHROEDER.—A  Manual  of  Midwifery;  includ- 
ing the  Pathology  of  Pregnancy  and  the  Puei-peral  State.  By  Kabl 
SCHROEDER,  M.D. ,  Prof  essor  of  Midwifery  in  the  University  of  Erlangen. 
Translated  by  C.  H.  CARTER,  M.D.    With  Engravings.  Svo,  12s.  6d. 

SWAYNE. — Obstetric  Aphorisms  for  the  Use  of 

students  commencing  Jlidwifery  Practice.  By  Joseph  G.  Swatne, 
M.D.,  Lecturer  on  Mid%dfery  at  the  Bristol  School  of  Medicine. 
Eighth  Edition.   With  Engravings.   Fcap.  Svo,  3s.  6d. 
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MICROSCOPY. 

CARPENTER.— The  Microscope  and  its  Revela- 
tions. By  William  B.  Carpenter,  C.B.,  M.D.,  F.E.S.  SL\th  Edition. 
With  about  600  Engravings.    Crown  8vo,  16s. 

LEE.  —  The   Microtomist's   Vade-Mecum  ;  a 

Handboolc  of  the  Methods  of  Microscopic  Anatomy.  By  Arthur 
BOLLES  Lee.   Crown  Svo,  8s.  6d. 

MARSH.  —  Microscopical    Section-Cutting  :  a 

Practical  Guide  to  the  Preparation  and  Mounting  of  Sections  for  the 
Microscope.  By  Dr.  Sylvester  Marsh.  Second  Edition.  With 
17  Engravings.    Fcap.  Svo,  3s.  6d. 

MARTIN. — A  Manual  of  Microscopic  Mounting. 

By  J.  H.  MABTIN.  Second  Edition.  With  Plates  and  Wood  Engravings. 

Svo,  7a.  ea. 


OPHTHALMOLOGY. 

HARTRIDGE.— The  Refraction  of  the  Eye.  By 

GUSTAVUS  HARTRIDGE,  F.R.C.S.,  Assistant  Surgeon  to  the  Royal 
Westminster  Ophthalmic  Hospital.  Second  Edition.  With  94  Illus- 
trations, Test  Types,  &c.    Crown  Svo,  5s.  6d. 

HIGGENS.— Hints  on  Ophthalmic  Out- Patient 

Practice.  By  Charles  Higqens,  F.K.C.S.,  Ophthalmic  Sm-geou  to, 
and  Lecturer  on  Ophthalmology,  at,  Guy's  Hospital.  Third  Edition. 
Fcap.  Svo,  3s. 

JONES.— A    Manual   of   the    Principles  and 

Practice  of  Ophthalmic  Medicine  and  Surgery.  By  T.  Wharton  Jones, 
F.R.C.S.,  F.R.S.,  late  Ophthalmic  Surgeou  and  Professor  of  Ophthalmo- 
logy to  University  College  Hospital.  Third  Edition.  With  9  Coloui-ed 
Plates  and  173  Engravings.    Fcap.  Svo,  12s.  6d. 

MACNAMARA.—A  Manual  of  the  Diseases  of 

the  Eye.  By  Charles  Maonamara,  F.R.C.S.,  Surgeon  to,  and  Lecturer 
on  Surgeiy  at,  the  Westminster  Hospital.  Fom-th  Edition.  With 
i  Coloured  Plates  and  66  Engravings.   Crown  Svo,  10s.  6d. 

iV^rrL^^mP.— The  Student's  Guide  to  Diseases 

of  the  Eye.  By  Edward  Nettleship,  F.R.C.3.,  Ophthalmic  Siu'geon 
to,  and  Lectm-er  on  Ophthalmic  Siu'gery  at,  St.  Thomas's  Hospital. 
Third  Edition.  With  157  Engravings,  and  a  Set  of  Coloured  Papers 
illustrating  Colour-blindness.    Fcap.  Svo,  7s.  Od. 
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OPHTH  ALMOLO  GrY— continued. 
TOSSWILL. — Diseases  and  Injuries  of  the  Eye 

and  Eyelids.  By  Louis  H.  TOSSWILL,  B.A.,  M.B.  Cantab.,  M.E.C.S., 
Surgeon  to  the  West  of  England  Eye  Infirmary,  Exeter.  Fcap.  8vo, 
2s.  6d. 

WOLFE. — On  Diseases  and  Injuries  of  the  Eye  : 

a  Course  of  Systematic  and  Clinical  Lectures  to  Students  and  Medical 
Practitioners.  By  J.  R.  Wolfe,  M.D.,  F.R.C.S.E.,  Senior  Surgeon  to 
the  Glasgow  Ophthalmic  Institution,  Lecturer  on  Ophthalmic  Medicine 
and  Surgery  in  Anderson's  College.  With  10  Coloured  Plates,  and  120 
Wood  Engravings,  8vo,  21s. 


PATHOLOGY. 

JONES  AND  SIEVEKING.—A  Manual  of  Patho- 
logical Anatom  By  C.  Handfield  Jones,  M.B.,  F.E.S.,  and  Edwakd 
H.  SlEVEKING  M.D.,  F.R.C.P.  Second  Edition.  Edited,  ^-ith  consider- 
able enlargement,  by  J.  F.  Payne,  M.B.,  Assistant-Physician  and 
Lectiu'er  on  General  Pathology  at  St.  Thomas's  Hospital.  With  195 
Engravings.    Crown  8vo,  16s. 

LANGEREAUX.— Atlas  of  Pathological  Ana- 
tomy. By  Dr.  Lancereau.x.  Translated  by  W.  S.  Greenfield,  M.D., 
Professor  of  Pathology  in  the  University  of  Edmbiu-gh.  With 
70  Coloured  Plates.   Imperial  8vo,  £5  6s. 

SUTTON.  —  An      Introduction     to  General 

Pathology.  By  John  Bland  Sutton,  F.R.C.S.,  Sir  E.  Wilson 
Lecturer  on  Pathology,  B.C.S.  ;  Assistant  Surgeon  to,  and  Lecturer  on 
Anatomy  at,  Middlesex  Hospital.    With  149  Engravings.   Svo,  14s. 

VIRGHOW.  —  Post-Mortem   Examinations:  a 

Description  and  Explanation  of  the  Slethod  of  Performing  them, 
with  especial  reference  to  Medico-Legal  Practice.  By  Professor 
Rudolph  Virchow,  Berlin  Char-ite  Hospital.  Ti-auslated  by  Dr.  T.  B. 
SMITH.    Second  Edition,  -ivith  4  Plates.   Fcap.  Svo,  3s.  6d. 


PSYCHOLOGY. 

BUCKNILL  AND  TUKE.—A  Manual  of  Psycho- 
logical Medicine :  containing  the  Lunacy  Laws,  Nosologj',  jEtiologj', 
Statistics,  Description,  Diagnosis,  Pathology,  and  Treatment  of  Insanity, 
>vith  an  Appendix  of  Cases.  By  JOHN  C.  Bucknill,  M.D.,  F.R.S., 
and  D.  HACK  TuKE,  M.D.,  F.R.C.P.  Fourth  Edition  with  12  Plates 
(30  Figures).   Svo,  25s.   
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V^YC^OT,0<JY— continued 
CLOUSTON.  —  Clinical    Lectures    on  Mental 

Diseiises.  By  THOJtAS  S.  Clouston,  M.D.,  ami  F.R.C.P.  Eiliii.;  Lec- 
tm-er  on  llental  Diseases  in  the  University  ot  Eilinburgli.  With 
S  Plates  (6  Coloured).    Crown  8vo,  12s.  6cl. 

PHYSICS. 

DRAPER.— A  Text  Book  of  Medical  Physics, 

for  tlie  use  of  Students  and  Practitioners  of  Medicine  By  John  C. 
Draper,  M.D.,  LL.D.,  Professor  of  Cliemistry  and  Physics  in  the 
University  of  New  York.    Witli  377  Engravings.   Svo,  ISs. 

PHYSIOLOGY. 

CARPENTER. — Principles  of  Human  Physio- 
logy. By  WILLIAM  B.  Carpenter,  C.B.,  M.D.,  F.R.S.  Ninth  Edition. 
Edited  by  Henry  Power,  JI.B.,  F.R.C.S.  Witli  3  Steel  Plates  and 
377  Wood  Engravings.    Svo,  3l3.  6d. 

DALTON. — A  Treatise  on  Human  Physiology  : 

designed  for  the  use  of  Students  and  Practitioners  of  Medicine.  By 
John  C.  Dalton,  M.D.,  Professor  of  Pliysiology  and  Hygiene  in  tlie 
College  of  Physicians  and  Surgeons,  New  Yorlv.  Seventli  Edition. 
With  252  Engravings.    Royal  Svo,  20s. 

FREY. — The  Histology  and  Histo-Chemistry  of 

Man.  A  Treatise  on  the  Elements  of  Composition  and  Structure  of  the 
Human  Body.  By  Heinrich  Ekey,  Professor  of  Medicine  in  Zurich. 
Translated  by  Arthur  E.  Barker,  Assistant-Surgeon  to  the  University 
College  Hospital.    With  60S  Engravings.    Svo,  21s. 

PYE-SMITH. — Syllabus  of  a  Course  of  Lectures 

on  Physiology.  By  Philip  H.  Pye-Smith,  B.A.,  M.D.,  F.R.C.P., 
Physician  to  Guy's  Hospital.  With  Diagrams,  and  an  Appendix  of 
Notes  and  Tables.    Crown  Svo,  5s. 

SANDERSON.— ^SLn&hoo^i  for  the  Physiological 

Laboratory  :  containing  an  Exposition  of  the  fundamental  facts  of  the 
Science,  with  explicit  Directions  for  tlieir  demonstration.  By  J. 
BURDON  .SANDERSON,  M.D.,  F.R.S.;  E.  KLEIN,  M.D.,  F.R.S.;  Michael 
Foster,  M.D.,  F.R.S.,  and  T.  Lauder  Brunton,  M.D.,  F.R.S.  2  Vols., 
with  123  Plates.    Svo,  24s. 

YEO.—A  Manual  of  Physiology  for  the  Use  of 

Junior  Students  of  Jledicine.  By  Gerald  F.  Yeo,  M.D.,  F.R.C.S., 
Pi'ofessor  of  Physiology  in  King's  College,  London.  Witli  301  Engrav- 
ings.   Crown  Svo,  14s. 
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SURGERY. 

BELLAMY.— The  Student's  Guide  to  Surgical 

Anatomy ;  an  Introduction  to  Operative  Surgeiy.  By  Edward 
Bellajiv,  K.R.C.S.,  and  Member  of  the  Board  of  Examiners  ;  Sui'geon 
to,  and  Lecturer  on  Anatomy  at,  Charing  Cross  Hospital.  Third 
Edition.   With  80  Engravings.   Fcap.  8vo,  7s.  6d. 

BRYANT.— A    Manual    for    the    Practice  of 

Surgery.  By  Thomas  Bryant,  F.R.C.S.,  Surgeon  to,  and  Lecturer  on 
Surgery  at,  Guy's  Hospital.  Fourth  Edition.  With  750  Hlustra- 
tions  (many  being  coloured),  and  including  6  Chromo-Lithogi-aphic 
Plates.    2  Vols.    Crown  8vo,  323. 

CLARK     AND     WAGSTAFFE.  —  Outlines  of 

Surgery  and  Surgical  Pathology.  By  F.  Le  Gros  Clark,  F.R.C.S., 
F.R.S.,  Consulting  Surgeon  to  St.  Thomas's  Hospital.  Second  Edition. 
Revised  and  expanded  by  the  Author,  assisted  by  W.  W.  Wagstapfe, 
F.R.C.S.,  Assistant  Surgeon  to  St.  Thomas's  Hospital.   8vo,  10s.  6d. 

DRUITT.— The    Surgeon's    Vade-Mecum ;  a 

Manual  of  Modem  Surgery.  By  Robert  Druitt,  F.R.C.S.  Twelfth 
Edition.    With  many  Engravings.    Fcap.  8vo.  [In  the  press. 

FERGUSSON  —  A  System  of  Practical  Surgery. 

By  Sir  William  Fergusson,  Bart.,  F.R.C.S.,  F.R.S.,  late  Surgeon  and 
Professor  of  Clinical  Surgery  to  King's  College  Hospital.  With  463 
Engi-avings.    Fifth  Edition.    8vo,  21s. 

HEATH. — A    Manual    of   Minor  Surgery  and 

Bandaging,  for  the  use  of  House-Surgeons,  Dressers,  and  Junior  Practi- 
tioners. By  Christopher  Heath,  F.R.C.S.,  Holme  Professor  of 
Clinical  Surgery  in  University  College  and  Sui-geon  to  the  Hospital. 
Seventh  Edition.   With  129  Engravings.   Fcap.  Svo,  6s. 

By  the  same  Author. 

A    Course    of  Operative    Surgery :  with 

Twenty  Plates  (containing  many  figures)  dra^vn  from  Nature  by 
M.  Leveill^,  and  Coloured.   Second  Edition.   Large  8vo,  30s. 

ALSO, 

The  Student's   Guide   to   Surgical  Diag- 
nosis.  Second  Edition.   Fcap.  Svo,  6s.  Cd. 
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S  UR  G-EB,Y—conti7med. 

SOUTHAM.— Regional  Surgery  :  including  Sur- 
gical Diagnosis.   A  Manual  for  tlie  use  of  Students.   By  Frederick 
A.  SOCTHAM,  M.A.,  M.B.  0.\on,  F.R.C.S.,  Assistant-Surgeon  to  the. 
Royal  Infirmary,  and  Assistant-Lecturer  on  Surgery  in  the  Owen's 
College  School  of  Medicine,  Manchester. 
Part  I.   The  Head  and  Neck.   Crown  8vo,  6s.  6d. 

II.   The  Upper  Extremity  and  Thorax.    Crown  8vo,  7s.  6d. 
„  III.   The  Abdomen  and  Lower  Extremity.   Crown  8vo,  7a. 

TERMINOLOGY. 

nUNGLISON.— Medical  Lexicon  :  a  Dictionary 

of  Medical  Science,  containing  a  concise  Explanation  of  its  various 
Subjects  and  Temis,  \vlth  Accentuation,  Etymologj',  Synonyms,  &c. 
By  ROBERT  DUNGLISON,  M.D.  New  Edition,  thoroughly  revised  by 
RiOHAKD  J.  DUNGLISON,  M.D.    Royal  Svo,  28s. 

MAYNE. — A   Medical    Vocabulary:    being  an 

Ex-planation  of  all  Temis  and  Phrases  used  in  the  various  Departments 
of  Medical  Science  and  Practice,  giving  their  Derivation,  Meaning, 
Application,  and  Pronunciation.  By  ROBERT  G.  JUYne,  M.D.,  LL.D., 
and  John  Mayne,  M.D.,  L.R.C.S.E.  Fifth  Edition.  Crown  Svo, 
10s.  6d.  

WOMEN,  DISEASES  OF. 

BARNES.— A  Clinical  History  of  the  Medical 

and  Surgical  Diseases  of  Women.  By  Robert  Barnes,  M.D.,  F.R.C.P., 
Obstetric  Physician  to,  and  Lectui'er  on  Diseases  of  Women,  &c.,  at,  St. 
George's  Hospital.   Second  Edition.    With  181  Engravings.   8vo,  28s. 

COUETY.— Practical   Treatise  on  Diseases  of 

the  Uterus,  Ovaries,  and  Fallopian  Tubes.  By  Professor  COURIY, 
Montpellier.  Translated  from  the  Third  Edition  by  his  Pupil,  Agnes 
M'Lasen,  M.D.,  M.K.Q.C.P.  With  Preface  by  Dr.  MATTHEWS  Duncan. 
With  424  Engravings.    Svo,  24s. 

DC/'iVC^iV^.— Clinical  Lectures  on  the  Diseases 

of  Women.  By  J.  Matthews  Duncan,  M.D.,  F.R.C.P.,  F.B.S.E., 
Obstetric  Physician  to  St.  Bartholomew's  Hospital.   Third  Edition. 

[In  the  press. 

EMMET.  —  The    Principles    and    Practice  of 

Gynaicology.  By  Thomas  Addis  Emmet,  M.D.,  Surgeon  to  the 
Woman's  Hospital  of  the  State  of  New  York.  Third  Edition.  With 
160  Engravings.   Royal  Svo,  24s. 
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WOMEN,  DISEASES  OTP— continued. 
GALABIN.—The  Student's  Guide  to  the  Dis 

eases  of  Women.  By  Alfred  L.  Galabin,  M.D.,  F.E.C.P.,  Obsteti 
Physician  to,  and  Lecturer  on  Obstetric  Medicine  at,  Guy's  Hospit! 
Tliird  Edition.   Witli  78  Engravings.   Fcap.  8vo,  7s.  6d. 

REYNOLDS. — Notes  on  Diseases  of  Womei 

Specially  designed  to  assist  tlie  .Student  In  preparing  for  Examinatio 
By  J.  J.  Reynolds,  L.K.C.P.,  M.E.C.S.  Third  Edition.  Fcap.  8v 
2s.  6d. 

SAVAGE.— The  Surgery  of  the  Female  Pelvi 

Organs.  By  HENRY  SAVAGE,  M.D.,  Lond.,  F.R.CS.,  one  of  the  Co 
suiting  Medical  Officers  of  the  .Samaritan  Hospital  for  Women.  Fif 
Edition,  with  17  Lithographic  Plates  (15  Coloured),  and  52  Woodcu) 
Royal  4to,  35s. 

WEST  AND  DUNCAN. — Lectures  on  the  Dis 

eases  of  Women.  By  Charles  West,  M.D.,  F.R.C.P.  Four 
Edition.  Revised  and  in  part  re-mitten  by  the  Author,  -(vith  mmiero 
additions  hy  J.  >Utthews  Duncan,  M.D.,  F.R.C.P.,  F.R.S.l 
Ohstetric  Physician  to  St.  Bartholomew's  Hospital.   8vo,  16s. 


ZOOLOGY. 

OHAUVEAU  AND  FLEMING.— The  Compara 

tive  Anatomy  of  the  Domesticated  Animals.  By  A.  Chauvea 
Professor  at  the  Lyons  Veterinary  School ;  and  George  FLEMrN( 
Veterinai-y  Surgeon,  Royal  Engineers.  With  450  Engra^•ings.  8v 
31s.  6d. 

HUXLEY. — Manual  of  the  Anatomy  of  Inverte 

hrated  Animals.  By  Thouias  H.  Huxley,  LL.D.,  F.R.S.  With  i 
Engravings.   Post  8vo,  16s. 

By  the  same  Author. 

Manual  of  the   Anatomy  of  Vertebrate 

Animals.   With  110  Engravings.    Post  Svo,  12s. 

WILSON— The  Student's  Guide  to  Zoology 

a  Manual  of  the  Principles  of  Zoological  Science.  By  Andrew  Wilso: 
Lecturer  on  Natural  History,  Edinburgh.  With  Engra^-ings.  Fca; 
Svo,  6s.  6d. 
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